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BOUNDARY LAYER TESTS OF THE 
SPACE SHUTTLE AFRSI MATERIAL 

I N  TEE NASA/AMES RESEARCH 
CENTER 2x2-FOOT TRANSONIC 

WIND TUNNEL (OA308) 

B. A. Marshall 
Rockwel l  I n t e r n a t i o n a l  

' Space Transpor ta t ion  & Systems Group 

ABSTRACT 

An experimental  i n v e s t i g a t i o n  (OA308) was conducted i n  the NASA/Ames 

Research Center (ARC) 2x2-foot wind tunnel f r o m  J u l y  13, 1982 through 

July 23, 1982. The purpose of this test  was  to  ob ta in  d a t a  f o r  use 

i n  determining the  s k i n  f r i c t i o n  drag due t o  AFRSI implementation on 

the  Space S h u t t l e  vehic le .  

Three panels  w e r e  t e s t ed ;  one f l a t  metal  c a l i b r a t i o n  panel ,  one Advanced 

F lex ib l e  Reusable Surface I n s u l a t i o n  (AFRSI) panel ,  and one F e l t  Reusable 

Surface I n s u l a t i o n  (FRSI or Nomex F e l t )  panel.  

w e r e  t e s t e d  through a Mach range of 0.6 t o  0.9. 

These t h r e e  pane ls  

Preceding page Hank iii 
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INTRODUCTION 

Advanced Flexible  Reusable Surface I n s u l a t i o n  (AFRSI) is  p r e s e n t l y  under 

considerat ion as a p o t e n t i a l  replacement f o r  t h e  Low-Temperature Reusable 

Surface Insu la t ion  (LRSI)  t i les  on the  Space S h u t t l e .  AFRSI i s  a 

q u i l t e d  blanket c o n s i s t i n g  of s i l i c a  f i b e r  f e l t  i n s u l a t i o n  material wi th  

a qua r t z  f a b r i c  OML cover and a glass f a b r i c  IML l i n i n g .  

is done with quartz  thread s t i t c h e d  through t h e  t h r e e  l a y e r s  of material. 

The blanket IML i s  bonded t o  t h e  s k i n  of t h e  v e h i c l e  while  t he  OML f ace  

i s  exposed t o  the  high-pressure g r a d i e n t s ,  f l u c t u a t i n g  a c o u s t i c  p r e s s u r e s ,  

and wind shear  stresses a t t e n d a n t  t o  atmospheric f l i g h t .  The b l anke t s  

are p l i a b l e ,  bu t  i n d i v i d u a l  f i b r o u s  elements are hard and b r i t t l e ,  and 

suscep t ib l e  to  damage, e s p e c i a l l y  where they cross each o t h e r .  

The q u i l t i n g  

The ob jec t ive  of test OA308 was t o  o b t a i n  boundary l a y e r  d a t a  f o r  u se  

i n  determining the s k i n  f r i c t i o n  drag due t o  AFRSI implementation on 

the  Space S h u t t l e  veh ic l e .  This o b j e c t i v e  w a s  accomplished. 

Model 122-0 used f o r  this test ,  cons i s t ed  of t h r e e  test specimens, 

boundary l aye r  equipment, and the  tunne l  movable w a l l .  The gene ra l  

arrangement is presented i n  Figure la. The t h r e e  test specimens were 

t e s t e d  through a Mach range of 0.6 t o  0.9.  

t he  boundary l a y e r  equipment ( s t a t i c  rake and boundary l a y e r  probe) was 

not  used i n  the forward and a f t  p o s i t i o n s  simultaneously.  

It should b e  noted t h a t  

This r epor t  p re sen t s  information on t h e  conduct of t h e  t e s t , d e s c r i p t i o n s  

of t h e  t e s t  panels and the  test f a c i l i t y ,  i n s t rumen ta t ion  p a r t i c u l a r s ,  

and p lo t t ed  and t abu la t ed  da ta .  

4 



. .  _ .  

NOMENCLATURE 

Symbol 

bl*4 

Defini t ion 

Curve f i t  cons tan ts  

cP 

H 

m 

M 

N 

P 

P SF 

S i Q  

R 

r 

T 

U 

X 

Y 

Z 

Pressure  coe f f i c i en t  

Boundary l a y e r  shape parameter 

Inches 

Mach number 

Boundary l a y e r  power p r o f i l e  parameter 

Pressure ,  pounds p e r  square  inch  

Pounds pe r  square  foot 

Dynamic pressure,  PSF 

Reynolds number, p e r  f o o t  

Recovery f a c t o r  

Temperature, O R  

Veloci ty  i n  t h e  X-direction 

Longi tudinal  S t a t i o n ,  p o s i t i v e  a f t ,  from o r i g i n  
shown i n  Figure l b ,  inches 

Lateral d is tance ,  p o s i t i v e  down, inches 

N o r m a l  d i s t ance  , inches 

I 

6 ,  DELTA Boundary l a y e r  thickness  , inches 

6 f , DJXSTR Boundary l a y e r  displacement thickness ,  inches 

8 ,THETA Boundary l a y e r  momentum th ickness ,  inches 

P Density,  s lugs  p e r  cubic  f o o t  

e 

i Orifice number 

S Local s ta t ic  

A t  t h e  edge of t h e  boundary layer 
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NOMENCLATURE (Continued) 

Symbol D e f i n i t i o n  

T To ta l ,  a t  probe t i p  l o c a t i o n  

2 A t  probe he igh t  Z 

6 A t Z = 6  

co Free  St ream 

1 Location o f  forward probe 

2 Locat ion of a f t  probe 

Other Symbology inc ludes  

AFRSI Advanced F l e x i b l e  Reusable Surface  I n s u l a t i o n  

B .L. 

CON 

CONF 

DEG 

DEV 

F 

FRS I 

Boundary Layer 

Condition 

Configurat ion 

Degree 

Deviat ion 

Fahrenhei t  

F e l t  Reusable Surface  I n s u l a t i o n  

FT Foot 

HP Hewlett-Packard 

IML Inne r  Mold Line 

L.E. Leading Edge 

LOC . Locat ion 

LRS I 

M I D  

OML 

PRES 

Low-Temperature Reusa-le Surface  Insu la  

Middle 

Outer Mold Line 

P res su re  

ion  
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SLG 

s q  

STA. 

STAN 

SYB 

wALL,w 

NOMENCLATURE (Concluded) 

Slugs 

Square 

S t a t i o n  

Standard 

Symbol 

W a l l  p o s i t i o n ,  inches 
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REMARKS 

P r i o r  t o  t e s t i n g ,  a l e a k  check w a s  performed on the  pressure  t a p s  shown 

i n  Figure l b .  The r e s u l t s  of t h i s  leak check were a s  fol lows:  tap  4 

had a very slow l eak ;  t a p  21 leaked;  t a p  24 had a very f a s t  l eak ;  and 

the  remaining t a p s  d id  not  leak .  Data from t aps  4 ,  21, and 24 should 

be  considered ques t ionable .  

Also, it  should be  noted t h a t  runs  105, 106, and 1 2 1  were re-run as 

shown i n  Table 111. Runs 105 and 106 w e r e  re-run because during these  

runs the re  w a s  a l e a k  i n  t h e  t o t a l  head probe. Runs 121 and 122 were 

combined i n t o  one run.  During run  121, t h e  tunnel  became too  h o t  and 

had t o  be brought down. 

picked up the  remaining d a t a  po in t s  t h a t  were not  obtained during run 

121. 

Run 122 w a s  a con t inua t ion  of run 121 and 

The d a t a  from these  runs are presented  i n  t h e  Appendix as run 222. 

8 



CONFIGURATIONS INVESTIGATED 

Model Descr ipt ion 

Model 122-0 w a s  used f o r  t e s t  OA308. 

boundary l a y e r  equipment, and t h e  tunnel  movable w a l l .  The gene ra l  

arrangement is  presented in Figure la. 

It c o n s i s t s  of three test specimens, 

T e s t  P a n e l s  

Three panels  w e r e  t e s t e d ;  o n e ' f l a t  m e t a l  c a l i b r a t i o n  panel, one Advanced 

F l e x i b l e  Reusable Surface I n s u l a t i o n  (AFRSI) panel, and one F e l t  Reusable 

Surface I n s u l a t i o n  (FRSI o r  Nomex f e l t )  panel .  

mounted in a holding p a n e l .  

26.85 by 20.80 inches.  

w a l l  t o  provide attachment p o i n t s  for t h e  test p a n e l  and wooden f i l l e r  

block. 

These test panels  w e r e  

The holding pane l  had an aluminum base  

The base  w a s  mounted on  t h e  frame i n  the movable 

The f l a t  m e t a l  c a l i b r a t i o n  pane l  (measuring 14.5 by 17.5 inches) w a s  

used i n  p l a c e  of t h e  AFRSI and FRSI panels f o r  t h e  flow c a l i b r a t i o n  of 

t h e  test. This pane l  was  i n s t a l l e d  f l u s h  wi th  the  tunnel  w a l l .  A 

photograph of the c a l i b r a t i o n  pane l  i n s t a l l e d  i n  t h e  2x2-foot TWT i s  

shown i n  Figure 2. 

The AFRSI b l anke t  specimen was  bonded t o  a 118-inch aluminum backing 

p l a t e  (14.5 by 17.5 inches) .  

p l a t e  surrounded t h e  material specimen. 

w e r e  c losed  o f f  w i th  aluminum s t r i p s  which covered t h e  top s u r f a c e  of the 

frame, and extended inward approximately one i n c h  over t h e  AFRSI material. 

Rectangular frames a t t ached  t o  t h e  backing 

The frame/specimen interfaces 

9 



CONFIGURATIONS INVESTIGATED (Concluded) 

This  round-nose ex tens ion  w a s  bonded t o  t h e  specimen material t o  prevent  

pu f f ing  and p o s s i b l e  damage t o  t h e  b l anke t s .  

a t t a c h e d  t o  t h e  base  p l a t e  w i t h  cap screws i n s e r t e d  through aluminum 

s t r i p s  and frames. 

The t e s t  pane l  w a s  

The FRSI panel  w a s  a l s o  14 .5  by 17.5 inches  and w a s  a t t a c h e d  t o  t h e  base  

p l a t e  with cap screws. 

10  



INSTRUMENTATION 

Boundary l a y e r  probes w e r e  forward of the c a l i b r a t i o n  and AFRSI test 

panels  f o r  a t o t a l  of ten runs,  as seen in Table IT. During a l l  o t h e r  

runs, boundary l a y e r  probes w e r e  a f t  of t h e  panel.  

A t  both s t a t i o n s ,  t h e  probes included one t o t a l  head tube mounted on 

a d r i v e  supp l i ed  by ARC, and a f i x e d  static rake which gave pressures 

at t h r e e  he igh t s .  . The gene ra l  arrangement i s  shown i n  Figure la. The 

dimensional ( l oca t ion )  d a t a  are given in  Table I V .  

i l l u s t r a t e d  i n  Figure l b .  

The l o c a t i o n s  are 

The three static p res su re  probes and the s i n g l e  t o t a l  p re s su re  probe 

w e r e  each connected t o  an i n d i v i d u a l  pressure transducer. 

ducers w e r e  d i g i q u a r t z  p re s su re  t ransducers  made by P a r o S c i e n t i f i c  Inc. ,  

and supp l i ed  by ARC. 

The t r ans -  

There was a t o t a l  of 44 static p res su re  o r i f i c e s  l o c a t e d  on the AFRSI 

test pane l  and the movable w a l l .  Thirty-two static p r e s s u r e  o r i f i c e s  

w e r e  l o c a t e d  i n  t h e  movable w a l l ,  f ou r  s ta t ic  p r e s s u r e  t a p s  w e r e  l o c a t e d  

on t h e  forward and a f t  su r faces  of the test pane l  f r a m e ,  and e i g h t  

subsurface t aps  w e r e  l o c a t e d  a t  the border l ine  under the AFRSI, 

The f lat  c a l i b r a t i o n  p l a t e  had 1 2  su r face  static p r e s s u r e  o r i f i c e s  a t  

the same X-Y coordinates  as those i n  the AFRSI test panel.  A l l  44 

static pressure o r i f i c e s  w e r e  connected during t h e  c a l i b r a t i o n  runs. 

The static t aps  w e r e  connected t o  scanivalves.  

o r i f i c e s  are shown in Figure l b  and l i s t e d  i n  Table I V .  

n ished t h e  scanivalves and transducers.  

The l o c a t i o n s  of t h e  

Rockwell f u r -  



TEST FACILITY DESCRIPTION 

The Ames Research Center  2x2-foot wind tunnel  w a s  use'd f o r  t h e s e  tests. 

The tunnel  i s  of t h e  continuous-flow type wi th  porous tes t  s e c t i o n  w a l l s  

surrounded by a plenum chamber. Mach number i s  cont inuously v a r i a b l e  

over the range from 0.6 t o  1 . 4  and dynamic p r e s s u r e  i s  cont inuously 

v a r i a b l e  over t h e  range from 200 t o  1500 ps f .  

The tunnel can be operated s o  t h a t  one s e c t i o n  of t h e  s i d e  w a l l  moves 

up t o  1 . 4  inches  i n t o  t h e  airstream. The upstream edge of t h e  movable 

w a l l  i s  a sharp  edged s p l i t t e r  p l a t e  which scoops o f f  a l l  o r  p a r t  of t h e  

tunnel  s idewal l  boundary l a y e r .  It is p o s s i b l e  t o  p o s i t i o n  t h e  w a l l  t o  

achieve a boundary l a y e r  th ickness  from 0.25 t o  1.0 inch  in t h e  pane l  

test region. 

1 2  



TEST PROCEDURES 

The t o t a l  head (boundary l a y e r )  probe p o s i t i o n  w a s  c a l i b r a t e d  a t  ARC. 

Also, the p res su re  t ransducers  w e r e  c a l i b r a t e d  a t  ARC. In a d d i t i o n ,  

s t anda rd  ARC c a l i b r a t i o n  procedures were employed f o r  p r e t e s t  c a l i b r a t i o n  

of t h e  w a l l  pos i t i on .  

The f i r s t  p a r t  of t h e  test c o n s i s t e d  of u s i n g  t h e  c a l i b r a t i o n  panel.  

This panel w a s  t e s t e d  a t  Mach numbers of 0.6, 0.8, and 0.9 as shown in  

' Table 'I. The c a l i b r a t i o n  pan,el w a s  run wi th  the probes i n  t h e  a f t  and 

forward p o s i t i o n s  and a t  high and low dynamic p res su res .  The actual con- 

d i t i o n s  used during test OA308. are shown i n  the run schedule (Table 11). 

The AFRSI panel  w a s  run next. 

layer probes i n  t h e  forward p o s i t i o n  for only two runs. 

it w a s  determined t h a t  the a i r  flow upstream of t h e  test article w a s  

unaffected by t h e  test article. Therefore, t h e  remaining runs w e r e  

performed with the probes i n  t h e  a f t  p o s i t i o n  a t  Mach numbers of 0.6 and 

0.9. 

This p a n e l  was  m n  w i t h  the boundary 

A t  t h i s  time, 

The FRSI panel  w a s  the last  p a n e l  t o  b e  run. 

numbers of 0.6 and 0.9 w i t h  the probes only in the aft  p o s i t i o n .  

This  pane l  w a s  run at Mach 

No 

runs w e r e  performed wi th  t h e  probes i n  t h e  forward p o s i t i o n  f o r  t h e  FRSI 

panel.  

t h e  a l r  f l o w  upstream of the test article w a s  una f fec t ed  by the test 

article. 

During the t e s t i n g  of the AFRSI pane l ,  i t  w a s  determined that 

Since d a t a  w e r e  obtained w i t h  the probes i n  the forward p o s i t i o n  

f o r  the c a l i b r a t i o n  panel,  no a d d i t i o n a l  forward probe runs w e r e  necessary. 

13 



TEST PROCEDURES (Concluded) 

As p a r t  of t h e  test procedure,  g r i t  was p laced  one inch  a f t  of the  

lead ing  edge of t h e  tunnel  movable w a l l .  The purpose of t h i s  procedure 

w a s  t o  determine t h e  p r e c i s e  l o c a t i o n  a t  which t h e  a i r  flow went from 

laminar  to  t u rbu len t .  

inch  and 0.0116 inch.  

The s i z e  o f  t he  g r i t  v a r i e d  from between 0.0097 

14 

- 



DATA REDUCTION 

Data w e r e  acquired and reduced on t h e  f a c i l i t y  d a t a  system. Reduced 

d a t a  w e r e  t r a n s f e r r e d  t o  f ac i l i t y - supp l i ed  Hp-9830 d i s k  s t o r a g e  i n  t h e  

c o n t r o l  room. 

probe d a t a  and make t h e  c a l c u l a t i o n s  and p l o t s  needed f o r  determining t h e  

s k i n  f r i c t i o n  c o e f f i c i e n t .  

This computer w a s  used to  i n t e r r o g a t e  t h e  boundary l a y e r  

Rockwell supplied t h e  HP-9830 program. 

Standard tunne l  equat ions w e r e  used t o  compute a l l  tunnel cond i t ions .  

S t a t i c  p re s su re  d a t a  w e r e  reduced t o  s tandard c o e f f i c i e n t  form, 

= (Psi - P,) x r44/q, ‘pi 

Boundary l a y e r  probe d a t a  w e r e  reduced as follows: 

(I) Mach number (Mz) w a s  computed a t  each probe 
he igh t  Z ,  us ing Ps chosen from t h e  a v a i l a b l e  da t a :  

a )  When (Ps/Pt) > 0.5283 - 

( 2 )  The d a t a  w e r e  f i t  w i th  a curve of t h e  form: 

= b2 + b3Z + b4Z2 

(3) w a s  obtained using: 

M e  = MZ a t  Z maximum 



DATA REDUCTION (Continued) 

( 4 )  The v e l o c i t y  r a t i o  (UZ/Ue) was obta ined  using:  
.1 Irr 

were : 

2 
(TZ/Te) = (1 + .2rMZ)/(l + .2rMz) 

(5) The boundary l a y e r  th ickness  ( 6 )  w a s  determined by us ing  
seven d a t a  po in t s  before  (Uz/Ue) = 1 i n  t h e  fol lowing 
equat ion : 

(6) Using 6 as Z ,  Mg w a s  found from equat ion  ( 2 )  

( 7 )  I f  (Me - ' M g ) <  A -  + .001, s t e p  (8) w a s  r e f e r r e d  t o .  
Me was  set equal  t o  % and s t e p  ( 4 )  w a s  r e f e r r e d  t o .  

Otherwise,  
- 

(8) N w a s  determined using: 

( 9 )  The dens i ty  r a t i o  (PZ/Pe) w a s  determined from: 

where 

(PZ/P,) = 1.0 



DATA REDUCTION (Concluded) 

(10) The boundary l a y e r  displacement th ickness  (6 *) was 
determined from: 

(11) The boundary l a y e r  momentum thicknes ( 0 )  was ca lcu la t ed  from: 

(12) The boundary l a y e r  shape parameter (H) w a s  ca lcu la t ed  from: 

H = 6*/0 

Typical  p l o t t e d  data f o r  test 08308 a r e  shown i n  F igures  3 t h r u  9. 
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T a b l e  I 

EST : O A 3 0 8  1 
TEST CWDiTlONS 

IDATE: 8-20-82 

REYNOLDS NUMBER DY KAMIC PRESYLIEE TAGRATION TEMPERATu 2 [ 
(per unit length) ( P O U M S / ~ .  faat) (dcgres Fahrenkit) MACH WUktEER 

0 . 6  8.20 x IO6 - 1000 86 
0 . 6  1 . 2 6  * io6 IS0 78 

I. - .  -. . . . 

BALANCE UTILIZED: N A 

C APA CITY: ACCURACY: 
COEFFIC IENT 
TOLERANCE: 

N F  

SF 

A F  

PM 
Rh! 

YM 

COMMENTS: 
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Model Photograph - Calibratfon Panel 

Figulle 2 



Data Figures 
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T e s t  OA308, Typical P l o t t e d  Data - PT VS. Z 

Figure 3 
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Figure 4 
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Test OA308, Typical  Plotted Data - U / U  VS. 

Figure 5 
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Figure 6 
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Figure 7 
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Figure 8 
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T e s t  OA308, Typical  P l o t t e d  Data - 8 VS. 2 

Figure 9 
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RFRSI SKIH FRICTION DRRG TEST 

o a - 3 m  

ARC TE3T-PHkSE-Tllt4NEL 
542- 1- --.. 22 

RUN 185 MRCH 0 .60 
TEST ARTICLE 3P100TH D ti Y G ri I c P 2~ s S~JR E 1C45 PSF 
PR06E POSITIBH 9FT _TOTFIL TEMPERATURE 94- . DEG F 
WHLL POSITION 0 . 8  INCHES DENSITY a. 69449 5 L O F T t 3  
DHTA RUN MRDE 7.. 13/’82’ RE’r’tIOLDS NUr’lSERiFT 3 Qe’ 

8.132 INEPES 
1.30 

S EO U EN CE TI1 N k4 EL 
tJUt’EER TOTAL 

P P E S  
PSF 

7 . 0  
,3. 9 
3 . 0  

10.0 
12.0 
13.0 
l-r. 8 
1s. 0 
17.0 
l a .  Q- 
13.Q 
28 .0  
21.6 
22.9 
23. B 
24.8 
z i i  0. 
26.8 
Z?. 8 
23 .8  
29.8 

5071 
5 0 7  
5881 
5033 
5481 
SB82  
soa 1 
503  1 

501.9 
5017 
50 75 
5012 
505’5 
5873 
3278 
5 Q 7  
5819 
5051 
5079 
50 77 

5cia  

Fi $;E? AGE 587’8 
MEAN DEV 3 

TUtltlEL 
ST HT I C 

FRES . 
P3F 

5972 
3 I3 :3 
3 9 9  
3335 
393 1 
3 9 7-9 
3375 
3939 
3375 
33-7 8 
3’375 
3998 
3377 
33 33 
3993 
3952 
- 3 3 3  
3382 
5942 
3952 
-3957 - 

-3982 
4 

- 9. 
337s 
3’349 

S T A T I C  R H K E  
0. AJB 

M I D 
PSF 

3?47 
3 359 
3 6 ’ 3  
3957 
3’355 
3?S2 
33a9 
3’355 
3958 
-39a7 
3948. 
3455 
3943 
35-23 
33G7 
3957 
3973 
3953 
396 1 
296 1 
3964 

3956 
5 

l a  
3969 ---- 

1,733 
HIGH 

PrjF 

3942 
-5953 
3957 
3354 
-33% 
3347 
3943 
r3949 
-3 3 4 5 
39-14 
3944 
3958 
3944 
3?6d 
3961 
3953 
3353 
3953 
33-55 
3955 - 
3459 

3451 
5 

11 
3950 ---- 

A-l 



AFRSI SKIN FRICTION DRAG TEST 

oFt-3m 

ARC TEST-PHRSE-TUNNEL 
542- 1 - 22 

1 a6 MACH 0.61 
DYNAMIC PRESSURE 15s PSF RUN 

TEST ARTICLE SMOOTH PROBE POSITIOt4 AFT TOTAL TEMPERATURE. 77 DEG F 
WALL POSITION 8 . 8  INCHES DENSITY 
DATA RUN MHDE 7/ 13/32 REYEIOLDS NUMBER/FT 1.28 

0.00069 SLC/FT.r3 

. EOlJtlDFtRY LAYER THIGKEIESS 2.37 INSHES 
' D I SPLRCEMEt4T TH I CKNESS 8.274 INCHES 

PlrJMENTlJM TH I CKEIESS 0.286 INCHES 
SHHPE PARHMETER 1.33 
FIIWER PROFILE PRFiPlETER 8.57 

SEQUENCE TUNbIEL 
EIUMBER TOTAL 

PRES 
P SF 

1.0 
2.0 
3.6 
4.0 
7 . 0  
8 .  8 
3 . 8  

18.8 
11.8 
12.8 
13.0 
14 .0  
15. 0 
16. 0 
17.0 
18.0 
19.0 
20.0 

A'*) ERA C E 
MEAN DEV 
STAN DEV 

EDGE CON 
CALCULATED 

764 
769 
771 
768 
757 
7 57 
758 
?61 
761 
757 
756 
759 
761 

' 766 
766 
761  
756 
7 52- 
4 
S 

765 
734 

. 9 .-.9 
i b3 

TU bI E l  E L  
STATIC  

PRES 
PSF 

594 
598 
688 
597 
59 1 
59 5 
596 
688 
5% 
595 
594 
596 
596 
597 
5'39 
598 
5 9 4 .  
598 

536 

3 
545 
535 

3 .- 

0.125 
LOW 
PSF 

594 
535 
533 
5'36 
59 1 
595 
596 
608 
595 
535 
9'34 
5'36 
596 
5'38 
533 
598 
594 
5 9  1 

536 
2 
3 

596 ---- 

STATIC RRkE 
1.750 8.458 

M I D  
' PSF 

594 
597 
539 
536 

59.5 
596 
688 
595 
534 
534 
596 
596 
597 
598 

534 
590 

596 
2 
3 

596 

598 

598 

---- 

- .  ~- 

H I G H  
PSF 

593 
597 
599 
596 
530 
5'35 
535 
608 
595 
5'34 
593 
596 
596 
597 
538 
5'38 
594 
590 

595 
2 
3 

595 ---- 

PROBE PROBE 
TOTFtL PrJSITION' 

PRES 
PSF 

647 
656 
659 
699 
560 
666 
674 
685 
6 $9 
784 
711 
725 
24 

734 
734 
734 
734 
734 

q-7 

---- ---- ---- 
_ o w -  ---- 

INCHES 

9.841 
0.062 
0.L380 
8,181 
8.1613 
0.281.3 
k l . L b i  
8.480 
Q.641 
8.961 
1 . 4 0 1  
2.801 
'2.163 
2.283 
2.302 
2e4db 
2.580 
2.602 

- ., .-., 

---- ---- 
-e-- _--- _--- 

A- 2 



AFRSI S K I N  FRICTION DRAG TEST 

OR-309 

R R C TEST- F H 8 SE- TCI N bI EL 
542- 1 - 22 

R U N  109 MACH 0.68 
TEST HRTICLE SPlOCITH DYNFIM IC PRESSURE 1000 PSF 
PROBE POSITION AFT. TUTRL TEMPERRTURE - 86 DEC F 
WALL POSIT ION 0.8 INCHES DENSITY 8.8Q45S SLC/FT?3 
D8TA RUN MADE 7 1  14/32 REYNOLDS NUMEIER/FT 8.28  

.BOUNDARY LRYER THIC.Kt4ESS 2. 14 INSHES 
- DISPLKEMENT THICKNESS 0.175 INCHES 

MOMENTlJM TH ICKt!ESS 0.135 I MCHES 
SHAPE P H R R 11 E TER 1.34 
FOWER PROFILE PRAMETEP. 11.94 

SEQUENCE TUNNEL . TUNNEL 
NUI'1BER TOTEL 

PRES 
PSF 

1.Q 5877 
2 . 8  50 78 
3.  Q 5021 
4, 0 5881 
5 . 8  588 1 
6 . 8  5879 
8. 8 5r3 75 

15.Q 
16.8 5877 
18.8 5888 
29.0 Sa 85 
22 .8  5086 
22.8 5680 
2 3 . 8  5881 

H'd ER A G E 5078 
ISERN DEV 3 
STFtN D E V  5 

CHLCULHTED 5874 
EDGE CON 9865 

STATIC RHkE 
1.758 

H I ZH 
PSF 

395 1 
3947 
3952 
3958 
3943 
3942 
3943 
3937 
:393 1 
3941 
3343 
3.555 
3'355 

39.55 
3955 
3 3 %  
3953 

3949 
6 

11 
:3847. 

: m a  

---- 

A- 3 



F1FRSI SKIN F R I C T I O N  DRAG TEST 

OR-388 

FIR C TEST - P H 13 S E- TU N N EL 
542- 1 - 22 

MACH 9.60 
151 PSF 

RlJN 110 
TEST ARTICLE SMOOTH DYElHMIC PRESSIJRE 
PROBE POSITION RFT TOTHL TEMPERHTURE 6 78 DEG F 
WALL POSITION 8.8 INCHES DENSITY 0.88069 S L W F T T 3  
DATA RUN MADE 7,' 14/82 REYNOLDS NIJMBER/FT 1.26 

.BOUNDARY LAYER THIC,KNESS 2.34 INSHES 
+ D ISPLHCEMENT TH I i X N E S S  Et. 240 I tlCHES 

M6MENTUfl TH I CENESS 0.131 INCHES 
SHAPE PHRHPIETER 1.33 
POWER PROFILE P RHPlETEE 7.97 

SEQUENCE TUN t4EL 
E4UPIBER TOTHL 

3.0 
4.8 
5 .0  
6 .0  
7 . 8  
9. B 

18.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.d 
18.0 
1'3.8 

H'4ERAGE 
MEHN DE'/ 
STAN DEV 

C A L C 1J LRT ED 
EDGE CON 

PRES 
PSF 

752 
7 53 
7 57 
757 
7 57 
I 5 i  
757 
7 57 
757 
757 
7S7 
7 57 
7 57 - 757 

' 757 
757 

7 156 
1 
2 '  

7 60 
, 26 

9 7  

- 

TUN t-l EL 
STHTIC 

PRES 
PSF 

338 
583 
5'32 
594 
594 
594 
593 
593 
5'33 
593 
593 
593 
593 
54:3 
594 
593 

593 
I1 
2 

595 
592 

STHTIC RHKE 
0.125 8.458 

LOW , HID 
PSF PSF 

598 588 
591 598 
594 593 
5'36 594 
536 534 
595 534 
595 594 
595 594 
5'35 594 
535 594 
595 594 
5'36 534 
536 594 
536 594 
5'36 594 
596 . 594 

595 593 
1 1 
2 2 

594 594 

- 
1.750 
HIGH 

PSF 

588 
589 
592 
593 
593 
593 
533 
593 
533 
5'33 
593 
593 
593 
59:3 

. 594 
593 

592 
1 
2 

592 ---- 



RFRSI SKIN FRICTIOti DRkG TEST 

OR-308 

ARC TEST-PHASE-TUNHEL 
542- 1 - 22 

RUN 1 1 1  MRCH 8 .80  
TEST ARTICLE SMOOTH DYNAMIC PRESSURE 209 P S F  
PROBE P O S I T I O N  AFT TOTAL TEMPERATURE * 75 DEG F 
WHtL P O S I T I O N  8 . 8  INCHES DENSITY 8.88058 S L G i F T r 3  
DRTA RUN MADE 7 4 '  14/32 REYNOLDS t#JM8ER/FT 1.41 

BOIJHDffRY LR'i'ER THICKNESS 2.  17 INSHES 
DISPLACENENT THICKN'E'3S 8.245 INCHES 
r*lrJHENTIJM THICKNESS 8 .  1 6 3  INCHES 
X-IAPE PARRMETER 1 .45  
POWER PROFILE PRHNETEF! 8.39 

S E 12 IJ EN C E TUNNEL 
NlJMEER TOTRL 

1 . B  
2. Q 
3; 0 
4.0 
0'. 8 
8.8 
9.8 

18.0 
11.Q 
12. 0 
13. L3 
14.0 
15.0 
18.8 
1'3.8 
20. r3 

ii1v E!? A C E 
HEAN DEV 
STAN DEV 

C AL C U LR TED 
EDGE CON 

PRES 
P S F  

713 
7 1 3  
713 
713 
714 
714 
714 
714 
714 
714 
714 
f l J  
i - 3  

- 7 1 3  
713 
713 

713 
9 
1 '  

712 
689 

-_  

47'2 471 
47 1 479 
473 471 
47 1 478 
469 468 

47 1 478 
473, 47  1 
472 47r3 
473, 47 1 
472 47 1 
472 47 1 
472 . 471 

STRTIC RRKE 
0.125 8.458 

47 1 478 
1 1 
1 1 

47 1 47 1 ---- e--- 

- 

1.750 
HIGH 

PSF 

469 

469 
468 
466 
46'7 
468 
469 
4 6.3 
463 
463 
463 
46.3 
469 
463 
459 

468 
1 
1 

4638 

468 

---- 

E 14 C HES 

A-5 



AFRSI SKIN F R I C T I O H  DRRG TEST 

08-308 

ARC TEST-PHRSE-TUNNEL 
542- 1 - 22 

114 MACH 6.89 
TEST ARTICLE SMOOTH DYNRMIC PRESSURE 1408 PSF RUN 

PROBE POSITION AFT TOTFIL TEMPERATURE 95 DEG F 
WALL POSITION 8 . 0  INCHES DENSITY 0.b03fl S L W F T r 3  
DATH RUN flflDE 7/ 15/‘92 REYNOLDS tJUMBER/FT 9.02 

SE Q U Et4 C E 
HUM 8 E R 

1.0 
2.0 
3. 8 
4.0 
5.5 
2 .5  
7 . 8  
:3. 8 
9. 8 
1%. 0 
11*0 
11.5 
12.8 
13.0 
14.0 
15.8 
16. a 
17.0 
18.8 
19.0 
28.8 
21.8 

HVERRGE 
MEHN DEV 
STRN DEV 

BOUNDARY LAYER THICKi4ESS 1.97 INSHES 
DISPLdCEMEtlT THICKNESS 8.179 INCHES 
MONENTIJM TH ICENESS 8.128 ItlCHES 
SHAPE P H E! FI M E T E R 1.41 
POWER PROF1 LE PEAMETER 10.37 

TUNNEL 
TOTRL 

PRES 
PSF 

4777 
4773 
4780 
47.3 1 
4778 
478 1 
4734 
4786 
4780 
4776 
4773 
4773 
4773 
3730 
4779 
4751 
478 1 
475 1 
4791 
4793 - 
4753 
4732 

47 30 
1 
5 

CRLCULATED 47‘76 
EDGE CON 4764 

TUHNEL 
STATIC: 

PRES 
PSF 

3127 
3 136 
3142 
3141 
3145 
3 142 
3137 
3131 
3 1 :35 
:3 144 
3 144) 
3127 
3130 
3133 
3132 
3142 
3 133 
3136 
3 1 39 
3130 
3125 
3129 

3136 
. 5  

8 
3127 
3112 

0.125 
L 0 14 
PSF 

3131 
3137 
3147 
3142 
3146 
3142 
:3 136 
3 1 32 
:31:36 
3146 
3145 
3126 
3 133 
3136 
3137 
3148 
3151 
3141 
3146 
:3 140 
3133 
3138 

3148 
5 
6 

3 135 ---- 

STHTIC RRkE 
9.458 

M I D  
PSF 

31 16 
3128 
3131 
3127 
3 132 
3126 
3122 
3117 
3122 
3131 
3 138 
31 14 
31 19 
3124 
3124 
31313 
3132 
3 129 
3131 
312s 
31 1s 
3123 

3125 
5 
7 

3131 _--- 

1.750 
H I  GH 

PSF 

3185 
3112 
3122 
3118 
3 124 
3118 
:3109 
3 108 
3112 
3122 
3121 
3 183 
31 1 1  
31 13 
3114 
3124 
3126 
31 17 
3121 
31 15 
3 109 
31 12 

3115 
5 
10 

31 14 -.-- 

P m e E  
TOtftL 

PRES 
PSF 

3333 
3315 
3353 
3398 
403s 
485 1 
4870 
4116 
4158 
4294 
4:334 
4414 
4562 
4788 
4751 
4767 
4778 
4 7 f 8  
4779 
4770 
4770 
47?0 
---- --.- __-- _--- -.-- 

PROBE 
P 0 S I T I 0 N 

I FICHES 

8.841 
8.061 
8.881 
0.182 
8.121 
0.148 
8.161 
Q.241 
8.261 
r3.460 
8.642 
Q. 542 
0.968 
1,462 
1.701 
2.a02 
2.101 
2.202 
2.301 
2.401 
2.581 
2.682 
-_-- 
a_-- -_-- ---- ---- 

A- 6 



HFRSI S K I N  FRICTION DRAG TEST 

OR-308 

ARC TEST-PHRSE-TUNNEL 
542- 1 - 22 

RUN 11s PlACH 9.99 
TEST ARTICLE SHOOTH n w A r i I c  PRESSURE 1405 PSF 
PROBE P O S I T I O N  AFT TOTRL TEMPERRTURE 1 1 1  DEG F 
LIRLL POSITION 8 . 0  INCHES DENSITY 0.88294 SLGlFTT3 
DRTR RUN m m E  7 /  15/82 REYNCLIIS EJUMBEWFT 9.83 

BOUNDER? LHYER TH I CKNESS 2. 12 I NSHES 
D iSPLHCE!4ENT TH I CKEtESS 0.162 INCHES 
MOMENTUM THICKNESS ' a. 1BS INCHES 
S H R P E P H E R M ET E!? 1 .49  
POWER PROFILE PRRPIETER 10.37 

SEQUENCE TUHNEL 
NUMBER TOTRL 

PRES 
PSF 

1.0 
2.8 
3 .0  
5.8 
6. 8 
7,0  
8.8 
3 . 8  

10.0 
12.0 
13.8 
14.8 
15.0 
16.8 
17. fr 
18.8 
19.5 
13.8 
28.6 

41'31 
4133 
4195 
4 1 7 7  
4291 
4 1'36 
4137 
4192 
4195 
4193 
41'34 
4194 
4135 
4 1 :2e 
41 36 
4194 
4190 
4195 
4 135 

RVERKE 4192 
MEGN DEV 4 
STRN DEY 6 

CHLCULRTED 4 1 9  1 
EDGE CON 4279 

STATIC RRk'E 
8.45B 

A-7 

- 

1 . 7 5 8  
H I G H  

PSF 

2447 
2450 
2447 
2443 
2455 
2154 
2465 
24'33 
2416 
2444 
2445 
2453 
'24.53 
2446 
2 4 4 8  
246 1 
2443 
2465 
2464 

2452 
18 
15 

245 1 ---- 

PROBE PROBE 
TOTAL P O S I T I O N  



RFRSI SKIN F R I C T I O N  DRAG TEST 

OR-388 

I 

ARC TEST- P H Fi S E - TU N El EL 
542- 1 - 22 

I SEQUENCE TUNNEL TUNNEL STATIC RHKE PROGE PROeE 
I kIUM6ER TOTRL STHTIC 8.125 8.459 1.758 TOTAL POSIT ION 

PRES PRES LOW H I D  HIGH P R E S  
PSF P S F  PSF P S F  P S F  P S F  INCHES 

RlJN 117 MACH 0.98 . 

TEST FlRTI CLE SMOOTH DYNHI.1 I C PRESSURE 239 PSF 
PROBE P 0 S I T I C : I  AFT TOTAL TEMPERRTURE 85 DEG F 
WALL POSITIOH 0.9 INCHES DENSITY 8 . E10853 SLGiFT?3 
DHTFi RUN MADE f /  15/82 REYNOLDS NUHBER/FT 1.45 

BOUNDFIRY LHYER THIC.KNESS 2.19 INSHES 

MOElEt4TUM TH ICKblESS $, 161 INCHES 
SHAPE PARAEIETER 1.51 
POWER PROFILE PRAllETER 8 . 6 8  

' I3 ISPLACEMEMT THICKNESS a .  243 n t c i l E s  

2.  8 
3.8 
4.0 
9.8 
6 .  0 
8. 0 
9. 0 
10.0 
11.8 
12.0 
13.0 
13.5 
14.8 
15. 0 
15.5 
15.6 
16.0 
17.0 
18.8 
19.0 
20.0 
21.0 
22. 8 

H V  E 2 AGE 
BERN DE0 
STAN DEV 

CHLCULBTED 
EDGE CON 

714 
7 17 
716 
715 

716 
f 16 
7 16 

422 
424 
423 
423 
423 
422 
423 
423 
422 

716 422 
716 422 
7 19 424 
7 IS 42 1 
715 421 
720 425 
720 425 
7 17 422 
717 422 
7 17 422 
717' 422 
7 19 421 
7 17 42 1 
717 422 

7 17 422 
1 1 

'2 1 
714 422 
701 42 1 

425 
427 
426 
425 
426 
424 4 2 6 
426 
425 
425 
425 
427 
424 
42,4 
428 
428 ' 

425 
426 
425 
426 
425 
425 
427 

426 
1 
1 

425 

423 
425 
424 
424 
424 
422 
424 
424 
423 
423 
423 
,425 
422 
422 
426 
426 
423 
424 
423 
423 
422 
423 
425 

421 527 
423 533 
422 5 3 3  
422 543 
422 558 
428 556 
422 564 
422 5?7 
421 595 
421 527 
421 638 
423 649 
428 672 
42Q 632 
424 687 
424 689 
422 781 
422 761 

0 . 84r3 
0.86'1 
r3.082 
9.181 
0.121 
8.168 
8,280 
0.26'1 
8 . 488 
0.641 
0.9613 
0.369 
1 * 402 
1.701 
1,781 
1 . 7Q1 
2.865 
2.188 

422 701 2.283 
422 701 2.360 
428 781 
421 781 
423 781 

2.481 
2.500 
2.681 

A- 8 



8FRSI S K I N  FRICTION DRAG TEST 

RRC TEST-PHASE-TUNNEL 
542- 1 - 22 

I RUN 119 MRCH 0.90 
I TEST ARTICLE SHOOTH DY NRHI C PRESSJRE 241 P S F  

I WHLL POSITION 1.5 ZElCHES DEMSSTY 9.00053 SLG/FTW 1 n m  RUN MRDE 7 /  15/82 REYWLDS NUMBER/FT 1 47 

PROBE P O S I T I O N  HFT TOTRL TEMPERHTURE 83 DEG F 

.BUUNDHRY LAYER THICEHESS 8.85 SNSHES 
- DISPLRCEMEMT THICKtiESS 0 . 8 6 8  INCHES 

PlOMENTUM THICKNESS 0 .046  INCHES 
S H fi P E P H R R M E T E R 1.47 
POWER PROFILE PRHMETER 3. 08 

SEQUENCE TUN tlEL TUNNEL STRTIC RRKE PROBE PEIIBE 
NUHBER T O T X  STATIC ' 0.125 8.45B 1.iJQ TOTAL P O S I T I O N  

PRES PRES LOW . HID HIGH PRES 
PSF P S F  P S F  PSF PSF P S F  INCHES 

1.8 
2 . 8  
3.8 
4.8 
5.0 
6.0 
7.0 
8.5 
3 .  B 

18. d 
11.9 
13,. 0 
13.8 
1 4 . 0  
15.8 
16.0 
17.0 
18.0 
13* 0 
28.8 

717 423 425 422 
7 I f  423 425 422 
717 423 424 422 
717 423 425 422 
717 423 424 422 
715 422 424 42 1 
714 422 423 429 
714 $22 423 421 
714 422 424 422 
715 422 423 42 1 
715 422 424 422 
715 422 424 42 1 
715 423 425 422 

- 715 422 424 421 
715 422 424 52 1 
714 422 424 . 421 

422. 424 421 i - 5  
714 42i 424 42 1 
714 422 424 42 1 
7 2 4 '  422 424 42 1 

- t  

419 
419 
413 
419 
419 
419 
418 
415 
419 
41s 
419 
419 
419 
419 
419 
419 
418 
418 
418 
418 

557 4.c34r3 
561 8.865 
572 Q. 682 
581 0.1QB 
609 8.154 
617 8. 1'33 
645 c3.  :3n0 
674 0.402 
683 9.586 
632 8.681 
697 0 ,  699 
637 Lj.582 
637 9. '398 
6'97 1. 0Q2 
637 I .  183 
537 1 2.88 
697 1.398 
637 1.482 
697 1.588 
637 1 t"82 
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AFRSI SKIN F R I C T I O N  DRAG TEST 

OR-308 

BOUNDRRY LBYER T H I C K E S S  8.79 INSHES 
* DISPLRCEMENT THICKNESS 8.041 INCHES 

PlIl19EtlTUM THICKNESS 0.828 INCHES 
S HH P E FAR A Pl ET ER I 1.46 

I POWER PROFILE PRRPlETER 11.25 I 

R R C T E S T - P H A S E- T IJ tl E L  
542- 1 - 22 
MRCH 0.98 

PSF 
120 

1327 RUN 
TEST ARTICLE SMOOTH DYb lAMIC PRESSURE 
PROBE POSITION AFT TOTHL TEMPERATURE 115 DEG F 
WALL POSITION 1.0 I K H E S  DENSITY 0.06274 S L G l F T t 3  
DATA RUN MADE 7/ 151.82 REYNOLDS NUMBERJFT 7.48 

SE QUE t.IC E TUN N EL 
NUMBER TOTHL 

PRES 
PSF 

1.0 3943 
2 .0  
3.0 
4.0 
5.0 
6. 0 
7 . 0  
8 . 8  

10.8 
11.0 
12.8 
13.0 
14.0 

9. a 

3949 
3957 
396 1 
3966 
3979 
397'6 
c) .>.3 :3 8 
3978 
338 1 
3978 
39 77 

.?C 33 
i 2 c 

3978 

AVERAGE 3370 
MEAN DEV 19 
STAN DEV 14 

CRLWLATED 3348 
EDGE CON 3964 

TUtlNEL 
STATIC 

PRES 
PSF 

2322 
2327 
2331 
2337 
2339 
2347 
2352 
2355 
2349 
2345 
2354 
2351 
2351 
2348 

2344 
9 

1 1  
2320 
2306 

8.125 
LOW 
PSF 

2316 
2324 
2326 
2333 
2336 
2346 
2348 
2354 
2359 
2345 
2354 
2346 
2354 
2348 

234 1 
10 
14 

2341 
---e 

STHTIC RRKE 
0IiSS 
, H I D  

PSF 

136 1 
2386 
231Q 
2316 
2313 
2325 
2329 
2333 
2329 
9,327 
233s 
2323 
2333 
23138 

' 2323 
'3 
12 

2323 
--e- 

l .  758 
HIGH 
PSF 

2286 
339 1 
2294 
230 1 
2304 
2313 
2.315 
2322 
2318 
23 1 J 
2321 
2316 
2320 
2315 

2309 
18 
13 

* 8  ---- 

PROBE 
TOTAL 
PRES 

PSF 

3214 
3259 
3346 
3421 
3566 
3724 
3984 
33.26 
3951 
3353 
3'365 
3965 
39 65 
3365 
-e-- ---- ---- ---- ---- 

PROBE . 
POSIT ION 

INCHES 

Q.048 
8. 06L3 
6.881 
O a l d 0  
8.149 
8.201 
8,364 
0. 408 
8 .  so2 

8.703 
8 .883  
8 s 982 

0 . m  

i . ma 
_--- 
--e- ---- _--- 
_-e- 
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RFRSI SKIN FRICTION DRRG TEST 

OR-308 

ARC TEST - P H RSE-TUN E4 EL 
542-  1 - 22 

RIJN 222 MACH B .  60 
TEST ARTICLE SMOOTH DYNRMIC PRESSURE 150 . PSF 
PROBE P O S I T I O N  RFT TOTHL TEMPERRTURE . 83 3EG F 

DRTA RUN MRDE 7.' 1 5 . 8 2  REYHOLDS NUM8ER/FT 1,24 

ROlJt.IDARY LFIYER THICKNESS 1.13 INSHES 
- DISPLHCEMENT THICKNESS 8.876 INCHES 

MOMENTUM THICKNESS 0.857 1 NCHES 
SHRPE PHRAMETER 1.32 
POWER PROFILE PRAMETER 9.16 

WELL POSITION 1.5 INCHES DENSITY B..08059 SLGd'FT.r.3 

S EQlJ ENCE TUN N E t  TUN El EL 
NUMBER TOTRL STATIC 

PRES PRES 
PSF P S F  

755 595 
758 596 
753 594 
759 597 

596 f 00  
757 5513 
760 ' 595 
757 594 

536 r ~1 
761 , 5'35 

594 f 37 

f .- 

7 .- 

- -  
758 595 
759 595 - 759 534 

a 768 595 
751 535 
759 535 
761 5'35 

759 - 595 
1 1 
1 1 

761 537 
748 537 

STATIC RAKE 
8.125 

LOW 
PSF 

592 
593 
532 
594 
993 
348 
593 
591 
593 
5'3 3 
591 
592 
5 9 2  
591 
532 
593 
533 
592 

592 
1 
1 

592 _--- 

Q. 4.50 
MID 
PSF 

538 
59 1 
5343 
593 
53 1 
53s 
59 1 
539 
59 1 
59 1 
59Q 
538 
59 1 
59'3 
538 
59 1 
591 
53 1 

598 
1 
1 

598 --_- 

1,750 
HIGH 
PSF 

588 
598 
588 
591 
5 9 8  
587 
539 
58 7 

599 
588 
588 
589 

589 
589 
589 
589 

599 
1 
1 
63 

589 

538 

PROBE PRO8E 
TOTRL POSITION 

- .  
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AFRSI S K I N  FRICTION DRRG TEST 

OR-308 

ARC TEST-PHRSE-TUNNEL 
542- 1 - 22 

RUN 123 MACH 0.30 
TEST ARTICLE SMOOTH DYNHMIC PRESSURE 209 PSF 
PROBE POSITION AFT TOTAL TEMPERATURE 34 DEG F 
WALL POSITION 1.5 INCHES DENSITY 8.00057 S L W F T T 3  
DATA RUN MHDE 7.' 15/82 REYNOLDS tIUMSER/FT 1.38 

EOIJNDHRY LFiYER THICKNESS 0.94 INSHES 
' D I SPLACEMENT TH ICENESS 0 , 8 6 6  I tKHES 

MOMENTUM THICKHESS 0.647 INCHES 
SHBP E P HRRNETER 1.48 
POWER PROFILE PRAMETEFl 9.14 

SEQUENCE TUN HEL 
tIUMBER TOTAL 

PRES 
P SF 

1.8 
2.8 

4 . 0  
5 . 0  
6 .5  
7 .0  
9.8 

10.0 
11.0 
12.5 
13.0 
14.0 
15.0 

' 115.5 
16. 6 
17.0 
25.8 
26.0 

FI V E R H G E 
MEAN DEV 
STAN DEV 

ORLCULATED 
EDGE CON 

3 8 8 

7 13 
719 
719 
7 18 
7 16 
7 17 
7 12 
711 
710 
711 
716 
712 
7 12 

' 712  
' 715 
7 13 
7 13 
7 15 
7 14 

f 14 

3 
7 12 
6 97 

2 :  

TU H t4 E L 
STRTIC 

PRES 
PSF 

468 
47 1 
47 1 
47 1 
46 9 
469 
467 
465 
466 
465 
469 
467 
467 
467 
4654 
467 
4 6 8 .  
468 
463 

468 
1 
2 

468 
464 

1.3.125 
LOW 
PSF 

46'3 
471 
471 
47 1 
47Q 
478 
46'7 
466 
466 
465 
478 
467 
468 
468 
469 
4 6 i  
463 
463 
470 

463 
2 
2 

469 ---- 

STATZC R H K E  PROBE 
0.450 1.750 TOTAL 

M I D  HIGH PRES 
PSF 

4Gt3 
46'3 
469 
469 
467 
468 
465 
463 
464 
463 
467 
4.53 
4.56 
465 
467 
463 
465 
457 
468 

466 
2 
2 

466 ---- 

PSF 

464 
466 
467 
466 
465 
465 
462 
462 
461 
461 
465 
463 
463 
463 
465 
463 
464 
464 
465 

464 
1 
2 
0 

---e 
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AFRSI SKIN FRICTION DRAG T E S T  

0 A - 3 8 8 

R R C TEST - P H R S E-TfJ N N EL 
542- 1 - 22 

RUN 124 r i m  0.60 
TEST HRTICLE SMOOTH DYNHMIC PRESSURE 160% 
PROBE PUSITION AFT TOTHL TEMPERATURE * 113 
WHLL POSITION 1 .5  INCHES DENSITY 0.80434 
DHTFI RUN MRIDE 7/ 15/82 REYNOLDS EIUM8ER/FT 7.69 

. BOIJNDRRY LAYER TH ICKNESS 8 . 6 4  I NSHES 
- I! I SPLBCEMEM' TH ICKbiESS r3.035 INCHES 

:IOMENTUM THICKNESS 9.d27 INCHES 
SHRPE PARHMETER , 1.23 
POWER PROF I LE PRAMETEI? 10 .58  

SEQIJENCE TIJN HEL 
NIJt-lBER TOTAL 

PRES 
PSF 

1.8 
2.8 
3.8 
4. B 
5.0 
6.8 
7.0 
8 .8  
9.9 

11.Q 
12.8 
1:3.8 

15.0 
16. a 
17.8 
18.8 
19.8 
28.8 

14. a 

5874 
5875 
15081 
5675 
5681 
5080 
5873 
5880 
S081 
5082 
5832 
5Q 33, 
5883 
5051 

5379 
5877 
5031 
5084 

$ a n  

AVER R CE 5838 
MERH DEV 2 
STHN DEV 7 

CRLCULATED 5074 
EDGE CON 5072 

TUN M EL STATIC RHKE 
STRTIC 

PRES 
P S F  

3981 
3939 
3989 
398Q 
3990 
3991 
3389 
3396 
3987 

! 3491 
3986" 
3986 
3995 
333 1 
3937 
3985 
3982. 
3983 
3993 

3387 
4 
7 

3982 
3927 

0.12s 
LOW 
PSF 

3943 
3341 
395B 
3943 
3957 
3961 
3993 
3957 
3354 
3958 
3950 
3952 
3364 
3959 
3'349 
3952 
3948 
3955 
3958 

3953 
5 
8 

3953 ---- 

0.458 
MID 

. PSF 

3927 
35126 
3934 
3926 
394 1 
3937 
3936 
3939 
3933 
3948 
3934 
3934 
3943 
3940 
3936 

. 3934 
3933 
3939 
3943 

3935 
4 
8 

3335 -_-- 

I . ,758 
HIGH 

PSF 

3918 
3916 
3925 
3916 
3929 
3 9 2 i  
3926 
593 1 
3927 
3934 
3'325 
3927 
3339 
3932 
3926 
3326 
3924 
0329 
3934 

3927 
4 
7 
8 ---- 

PSF 
DEG F 
SLG/'FT.r3 

FROeE 
POSITION 

INCHES 

0.848 
8.059 
a. 6:?2 
Q. lQ2 
8.152 
6.202 
0.. 393 
9.404 
g 
0 6539 
9.881 
0.988 
1. EM1 
1. l d l  
1.21.36 
1.388 
1.481 
1.500 
1 . 6B6 

-e-- ---- ---- ---- ---- 
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A F R S I  SKIN F R I C T I O N  DRRC TEST 

OR-308 

FtRC . TEST-PHASE-TUNNEL 
542- 1 - 22 

R U N  127 MHCH 0.60 
TEST ARTICLE SMOOTH DYNAMIC PRESSIJRE 1003 PSF 
PROBE POSITION F O R W A R D  TOTAL TEMPERATURE - 95 DEC F 

D A T A  RUN flHDE 7 1  16/82 REYNOLDS NJUMBERYFT 8 .04  
WALL POSITION 1 . 5 I t l C H E S  DENSITY 8 . 8 8 4 4 9  SLCd'FTr3 

BB?IHDHRY LHYER TH 1C.KNESS 0.18 I NSHES 
D ISPLt3CEMENT THICKt4ESS 0.818 I N C H E S  
I'lc7rlEtlTUfl T H I C K N E S S  8 .013  INCHES 
S H fl P E P H R H M ET ER 1 * 3'3 
POWER PROFILE PRHPETER 5.75 

S E 12 U EN C E TIJ N t4 EL 
WPlBER TOTAL 

PRES 
PSF 

1.6 
2 . 0  
3 . 0  
4.8 
5 . 8  
6.0 
7.8 
8 .0  
8.5 
3.8 
10.0 
11.8 
12.0 
13.8 

5853 
58:3;) 
56.31 
5080 
5880 
5988 
5681 
JB8  1 
5877 
5888 

5080 
5084 
5083 

5330 

A V E R fi G E 5081 
MEAN DEV 1 
STRN DEV 2 

CRLCULRTED S O ? i  
EDGE CON 5060 '  

T U N r-I E 1 
:TAT I C  

PEES 
PSF 

3986 
:3 '3 :3 9 
3988 
3383 
:3988 
395 1 
3'333 
3999 
3975 
:399 1 
3998 
:3987 
,3935 
3982 

3987 
3 
4 

3380 
3966 

0.100 
LOW 
PSF 

3367 
:39?0 
33657 
3959 
3978 
3961 
3972 
3973, 
3368 
39?8 
3363 
3373 
3964 
3962 

3967 
4 
9 

3967 _--- 

STFlTIC R A K E  
0.376 

MID 
PSF 

3 9 6 2  
3966 
3463 
39155 
3 9 6 4  
3953 
3978 
3965 
3957 
3967 
3967 
3'366 
3368 
3958 

3963 
4 

3963 
a 

---- 

1.800 
HIGH 

PSF 

3948 
3953 
3353 
3942 
3'35 1 
3946 
3 9 5 6  
3353 
:3943 
:3953 
3953 
3955. 
3946 
3944 

3958 
4 

0 
a 

--e- 

PROBE 
F 0 S I T I 0 N 

INCHES 

0.012 
0.831 
8.053 
0.872 
0.893 
8.120 
0.141 
c3.lrj'l 
0.1'32 
0.193 
8.212 
8.291 
0.341 
8.392 
---- 
--e- -_-- -_.- --.- 
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FlFRSI SKIN FRICTION DRAG TEST 

RRC TEST-PHRSE-TUNNEL 
542- 1 - 22 

RUN 129 MACH 8.68 
TEST RRTICLE SMOOTH D'i"AP1IC PRESSIJRE 152 PSF 
PROSE POSITION FORWARD TOTRL TEMPERRTURE - 69 DEG F 
MALL P O S I T I O N  1.4 INCHES D E N S I T Y  a. 0BQ78 SLG/FT?3 
DRTH RUN MHDE 7 j  19/82 R E Y N O L D S  tIIJMBER~'FT 1 * 29 

.BOUNDRRY LWER THIC.KNESS 8 .22  INSHES 
- D I SPLHCERENT THICKNESS 0.025 INCHES 

MOMENT1JM THICKNESS 8.813 INCHES 
S H F] P E P AR R PI ETER 1.48 
WWER PROFILE PRHlilETER 5 . 7 8  

S E Q IJ EN CE TU 14 N EL 
NUMBER TOTRL 

PRES 

1.5 
1.0 
1.6 
2.0 
3 .0  
3 .  5 
4 . 0  
5. d 
6.6 
7.0  
8.B 
9.0 

18.0 
11.0 
12.8 
13.0 
lis. 0 
15.8 
16* 0 

Ft Y E R AGE 
MEHN IlEY 
S T A N  D E V  

C H 1 C U LA TED 
EDGE CON 

PSF 

755 
761 
762 
762 
761 
752 
764 
763 
752 
761 

759 
753 
i 119 

' 752 
753 
755 
755 
756 

759 
3 
4 

764 
737 

768 

- -- 

TU HN EL 
STATIC 
PRES 

P S F  

544 
595 
537 
594 
59 6 
5'37 
598 
598 
596 
535 
596 
595 
596 
595 
589 
596 
531 . 
592 
593 

595 
2 
3 

597 
595 

S T A T I C  RHKE 
9.198 9.376 

LON MID 
PSF . PSF 

535 
596 
598 
S36 
537 
595 
539 
539 
5'37 
537 
597 
596 
596 
596 
598 
592 
593 
594 
594 

534 
595 
597 
594 
59 6 
597 
598 
598 
5'35 
5'36 
536 
595 
596 
595 
589 
59r3 
532 ' 

593 
593 

1 * 889 
H I G H  

P S F  

591 
593 
595 
592 
534 
59s 
596 
595 
533 
533 
594 
533 
5'33 
592 
567 
563 
589 
538 
590 

592 
2 
3 
0 ---- 

F'IiQBE 
POS I T I O N  

INCHES 

B. 063 
0.812 
0.813 
0.033 
0 . 8 5 2  
0.853 
c3.878 
r3.693 
0.122 
Q. 142 
8.161 
Q. 191 
8 .241  
41.292 
8.341 
0.393 
8.493 
0. 591 
r3.692 
---- ---- ---- 
e--- ---- 
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AFRSI S K I N  F R I C T I O N  DRAG TEST 

ARC TEST - P HA SE- TU N El E L  
542- 1 - 22 

RUN 138 MACH 0.66 
TEST ARTICLE SMOOTH DWAM IC PRESSURE 151 
PROBE POSITION FORWARD TOTAL TEMPERATURE - 67 
WALL POSITION 0.0 IHCHES DENSITY 0.00871 
DHTA RUN MHDE 7 1  19/82 REYNOLDS NUMBER/FT 1 . 29 

,BOUNDARY LRYER THIC.KblESS 2 . 2 4  INSHES 
* D I SPLACEPlEtlT T H I  CKElESS 0.293 INCHES 

MOMEEITUM TH ICKEIESS 8.203 INCHES - -. 
SHAPE P ARHPIETER 1.49 
POWER PROFILE PRHPlETER 7.11 

SEQIJENCE TUNNEL 
NUMBER TOT HL 

PRES 

1.8 
2 . 8  
3.0 
4.8 
5.0 
6.0 
7.0 
3. a 
O3. 0 
18. 0 
11.9 
12.9 
13.0 

16.0 

18.0 
19.0 
28.0 
21.0 
22.8 
23.0 
24.0 

AVERAGE 
MEAN DE0 
STRN DEV 

CALCULATED 
EDGE CON 

15.8 

17.8 

PSF 

761 
7 62 
761 
761 
i ~ 8 1  
I O 1  
761 
761 
761 
761 
761 
761 
762 
762 
?62 
7 63 
762 
7 62 
7 63 
763 - 
7 63 
7 63 
7 62 

I 3 2  
1 

' 1  
7 62 
758 

- -  
7 -  

- .- 

TUNNEL STATIC RAKE 
s T A T I C  0.188 

PRES 
PSF 

596 
537 
597 
537 
537 
547 
537 
537 
597 
597 
547 
997 
597 
537 
597 
598 
548 . 
597 
59s 
598 
538 
538 
596 

597 
0 
1 

597 
596 

LOW 
PSF 

597 
598 
598 
598 
538 
598 
598 
593 
598 
598 
538 
599 
539 
5'39 
539 
608 
600 
599 
600 
608 
689 
680 
538 

539 
1 
1 

599 ----. 

8.376 
H I D  
PSF 

597 
538 
532 
598 
598 
593 
538 
537 
593 
539 
593 
598 
5'38 
538 
598 
608 
539 
598 
599 
599 
608 
593 
537 

598 
1 
1 

538 

1. SOB 
H I GH 

PSF 

535 
536 
596 
536 
536 
596 
596 
596 
596 
596 
596 
596 
536 
536 
596 
598 
597 
597 
598 
5 9 i  
598 
597 
536 

596 
1 
1 

596 ---- 

PROBE 
TOTfiL 

PRES 
PSF 

628 
643 
651 
660 
662 
665 
567 
679 
6 7 f  
680 
6-3 1 
707 
713 
731 
737 
750 
758 
758 
750 
758 
750 
750 
758 

_--- ---- -.-- _--- -- 0- 

PSF 
DEG F 
S L G/ F T+ 3 

PROBE 
P 13 S I T I 0 N 

INCHES 

8.012 
8.831 
0.051 
8.871 
0.0'32 
0.114 
'4.131 
0.153 
8.191 
8.252 
1.3.393 
8.631 
8 . 953 
1.331 
1.691 
1.431 
2.092 
2.132 
2. 291 
2 . 3133 
2.431 
2.592 
2.623 
_--- ---- _-.- ---- --.- 
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AFRSI S K I N  FRICTION DRAG TEST 

A R C TEST - P H H S E- T U El t 4  EL 
542- 1 - 22 

RUN 131 MRCH 8.69 
TEST ARTICLE SMOOTH DYNAMIC PRESSURE la04 PSF 
PROBE P O S I T I O N  FORWARD TOTRL TEMPERRTURE . 36 DEG F 
WHLL P O S I T I O N  0.8 INCHES DENSITY 6 m 00457 SLGe'FTf'3 
DATA R U N  MRDE 71  19/32 REYNOLDS NUMBER/F T 8.22  

.EOUNDARY LAYER THICKNESS 2. 13 IHSHES 
- D I: SPLFICEMENT TH I CKNESS 8.180 INCHES 

MOMENTUM THICKNESS 0 . 1 3 3  INCHES 
S H H P E P H R R E? ET ER 1.36 
POWER 'PROFILE PRWETER 6.78 

S E Q UEN C E 
NUMBER 

1.0 
2.0 
3.  0 
4.6 
5 .0  
6 . 8  

8. 0 
3.0 

18.0 
11.0 
11.5 
14.0 
1 5 . 8  
16.8 
17.0 
18. 8 
13.0 
28.0 
21.0 
22.9 
23.0 

AVERBGE 
MEAN DEV 
STRH DEV 

1: RL CUL A T ED 
EDGE CON 

7. a 

TUE. IEL 
TOTAL 

PRES 
PSF 

5885 
5883 
sa82 
5082 
5092 
5882 
58 82 
5852 
5882 
5Q83 
5834 
5083 
5883 
5883 
5 0 5 3  
5 g  32 
5682 
SBSl 
5 0 2 B  
5079 * 
5Q188 

5882 
1 
3 

S M 2  
5866' 

m e 1  

TUN I4 EL 
STRTIC 

PRES 
PSF 

3988 
3'396 
3982 
3482 
3985 
3383 
3987 
3934 
3985 
3 '3 :3 3 
3966' 
3998 
3959 
397 1 
3989 
3393 
3989 
3990 
3956 
3982 
398 1 
3383 

3986 
. 3  

3'384 
3952 

a 

STATIC RRKE 
8.lcrO 

LOW 
PSF 

3966 
3966 
3362 
3959 
3963 
3966 
3'36'4 
3'364 
3363 
3964 
r2-366 
:I969 
3368 
3471 
3974 
3972 
397ff. 
3974 
3970 
3967 
3963 
3970 

396f 
4 
5 

391'38 ---- 
e .  

8.376. 

, PSF 

3968 
3967 
3964 
396 1 
3365 
396 1 
39615 
3365 
391'3;rS 
3365 
3967 
397 1 
3963 
3975 
3975 

' 3375 
3972 
3975 
3973 
3970 
3964 
3978 

3963 
4 
7 

39€6 

m 

---- 

I .  808 
H I G H  

PSF 

3953 
3954 
3958 
3948 
3952 
3949 
3952 
3951 
3'352 
3958 
3353 
3955 
3355 
3961 
3960 
3953 
3356 
3959 
3957 
3997 
3'350 
3955 

3'354 
3 
8 

3954 ---- 

PROBE 
P I E  I T I 0 N 

INCHES 

8.811 
8 , 8 3 2  
B.%Sl 
8 .  a72 
8.891 
Q. 111 
4.131 
8. 153 
Q. 1'31 
r3.252 
8 . 3'3 1 
8.951 
1.391 
1.632 
1 .I391 
2.892 
2.191 
2.  290 
2.391 
2.493, 
2 . 5 3 3  
2.632 

---- ---- ---- ---- 
a_-- 
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AFRSI SKIN FRICTION D R A G  TEST 

OR-388 

HRC TEST-PHASE-TUNNEL 
542- 1 * 22 

RIJN 133 MACH 8.98 
TEST A R T I C L E  SMOOTH DYNHMIC PRESSURE 1404 PSF 
PROBE POS I TIOH F O R W A R D  TOTRL TEMPERATURE . 108 DEG F 
WALL PUSITIOb 8.0  I N C H E S  DENSITY 0.08361 SLG/FTr3 
DATFt R U N  MHDE i /  19iS2 REYNOLDS N U t S B E R / F T  8 .23  

BOUNDARY LAYER THICKNESS 1 85 INSHES 
' D I SPLACEMEHT THICKNESS 0.178 INCHES 

MOMENTlJM TH I CKHESS 8.116 INCHES 
SHAPE PHRHPIETER 1.54 
POWER PROFILE PRRMETER 8 . 2 9  , 

SEQUENCE TUN tEL TUNNEL STRTIC RRK'E PROBE PROBE 
NUPlBER TOTAL STRTIC 0.188 0 .375  1.S130 TOTAL POSITION 

PRES PEES LOW M I D  H I GH PRES 
PSF PSF P S F  . PSF PSF PSF INCHES 

1.0 
2 . 8  
3 . 0  
48 0 
5 . 0  
a". 8 
7 . 8  
8 . 0  

18.0 
11.0 
12.0 
13. 0 
14 .0  
15.0 
16.0 
17.0 
18.0 
13.0 
20.0 
21.0 
22.0 
2 3 . 0  

A V E R A G E  
MERN DEV 
STAN D E V  

CHLCULATED 
E D G E  CON 

4197 
4280 
4202 
4285 
4287 

42 l b  

4281 
4 1 99 
41 96 
4 1 9 4  
41 34 
4193 
41'31 
4193 
41  92 
4 1 9 3  
4134 
4194 * 
4 1 9 4  
I 1  94 

4198 
5 

10 
4 1-38 
41?4 

420s 

4208 

2487 
2483 
2487 
249  1 
2495 
2449 
2498 
2491 
2458 
2489 
2438 
2458 
2487 
2466 
2476 
2477 
2 4 7 9 .  
2479 
2438 
2473 
2,48 7 

2485 
6 

10 

2496 

2486 

2487 

2473 
2455 
2463 
2473 * 

2477 
2476 
24?7 
2475 
24.37 
2484 

2475 
5 
9 

2477 ---_ 

2473 
2467 
2472 
2475 
2473 
2489 

2474 
2475 
2.178 
2473 
2479 

2484 

2475 
2478 
2477 
24'79 
2 4 i 8  
2489 
2485 

2476 
5 
9 

2474 ---- 

2454 
2449 
2454 
2459 
L '3464 
2466 
2467 
2455 
2457 
2458 
2457 
2468 
2456 
2439 
2451 
2458 
2458 
245.3 
Z458 
2459 
2470 
2466 

2842 
30.59 
31150 
3224 
3262 
:3305 
3361 

:3826 
3993 
4138 
4174 
4175 
41?8 
4181 
4181 
41 8 1 
4131 
4181 

8.813 
8.032 
13.051 
8,072 
0.081 
0.181 
0.136 

0.  233 
8.369 
8,548 
0.631 
8 .352  

08 152 

1.392 
1,692 
1.392 
2.890 

2.492 
2.592 



AFRSI SKIN FRICTION DRRG T E S T  

OR-308 

HRC TEST -P HFISE- TIJ N NEL 
542- 1 - 22 

UUN 134 MACH 0 .98 
TEST RRTICLE SPlOClTH D 7 NR M I C P RES SIJ RE 244 PSF 
PROeE POSITION FORt lHRD TOTAL TEMPERRTURE . 34 DEG F 
WALL POSITION 8 . 8  INCHES D E N S I T Y  8.00053 SLGJFTW 
DATA R U N  MADE 7 1  19/82 REYNOLDS N U M B E R / F T  1 .48 

.EIOUNDRRY LAYER THICKNESS 1 . 6 3  INSHES 
- 13 I :$PLACEMENT TH I CKNESS 9.213 INCHES 

MONENTUM TH I CENESS 0.132 INCHES 
SHHPE PRRRPIETER 1.61 
POWER PROFILE PRAPlETER 6.35 

SEQlJE MCE 
NUM8ER 

1.0 
? *  B 
3 . 0  
4 * 0  
5 . 0  
6 . 0  
7 .0  
8 . 0  
19. 8 
11.0 
12.8 
13.0 
14.9 
115.0 
16.0 
17. B 
19.0 
19.0 

A V E R R  CE 
MEAN DEV 
STAN DEV 

CHLClJLRTED 
EDGE CON 

TUN 1.4 EL 
TOTAL 

PF ,s 
PSF 

724 
596 
696 
764 
712 
713 
726 
727 
315 
722 
736 
738 
729 - 726 

* 723 
721 
728 
719 

719' 
8 

11 
725 
705 

TUkIHEL 
S T A T I C  

PRES 
PSF 

426' 
418 
426 
428 
425 
429 
43 1 
431 
423 
433 
42'3 
428 
428 
427 
425 
426 
425 
424 

425 
4 
5 

427 
423 

STATIC RHKE 
0.lr36 

LOW 
PSF 

423 
$12 
418 
422 
427 
43B 
433 
433 
42.5 
430 
43 1 
438 
43 1 
438 
429 
429 
429 
427 

42f 
4 
is 

427 ---- 

8.376 
M I D  

' PSF 

427 
412 
417 
42 1 
426 
429 
432 
$32 
424 
429 
43 1 
42'3 
438 
423 
429 

. 429 
423 
426 

427 
4 
5 

427 ---- 

1.880 
H I G H  

PSF 

424 
489 
4 1'4 
418 
423 
426 
429 
429 
421 
426 
427 
42G 
427 
426 
425 
425 
425 
423 

424 
4 
5 
Q --_- 

PROBE PROBE 
TOTAL P O S I T I O N  

PRES 
PSF IbICHES 

477 
487 
585 
519 
533 
543 
554 
559 
561 
579 
603 
532 
675 
784 
766 
706 
786 . 
786 

0.r312 
0 .  Q:31 
0.053 
8.872 
8.8'32 
8.112 
9.1'29 
0.153 
8. 1'32 
0 .  252 
8.3511 
0.633 
0.951 
1.392 
1.633 
1.992 
2.892 
2. 191 

11-19 



AFRSI SKIN FRICTION DRAG TEST 

RRC TEST-PHRSE-TUNNEL 
542- 1 - 22 

RUN 136 MRCH 0.99 
TEST FIRTICLE SMOOTH DYNAMIC PRESSURE 1166 PSF 
PROBE POSIT ION FORWARD TOTAL TEMPERATURE 99 DEG F 
WHLL POSITION 1.0 INCHES DENSITY 0.09249 S L O F T t 3  
DFITH RUN MtiDE 71  28/82 REYNOLDS NUMSER/FT 6.84 

.POI-IHDHRY LRYER TH I C,K tIESS 8 . 2  1 I NSHES 
* D I :SPLACEFIENT TH I CKHESS 8.819 INCHES 

MOMENflJfl THICKNESS 0 . 0  12 INCHES 
SHRPE .PARAMETER 1.54 
POWER PROFILE PRHPlETER 6.15  

SEQIJENCE TUNNEL TUNNEL STATIC RHkE PROBE FSRCIEE 
NUPlBER TOTAL STRTIC 0.100 0.376 1.800 TOTAL POSIT ION 

PR EE; PRES LOW ri ID HIGH PRES 
PSF PSF PSF PSF PSF PSF INCHES 

3 . 8  
4 .8  
5 . 8  
6.8 
7 . 0  

18. 8 
11.8 
12 .8  
13.0 
14 .8  

3474 
3473 
3473 
3 4 f 4  
3175 
3474 
34 75 
3475 
34 ' 6  
3475 

2052 2855 
2057 2068 
2055 2059 
2062 

2832 2436 
2035 2764 
2037 2'3 34 
2.845 3 1  i 2  
2842 3243 
2839 3387 
2.843 3411 
2840 3421 
2842 3421 
2842 3421 

8.013 
0.032 
0.651 
8 .871 
8.r331 
a.  161 
9. 1'32 
8 .242 
0.2'31 
8.342 

A-20 
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AFRSI S K I N  FRICTION DRAG T E S T  . 

OR-308 

RRC TEST-PHRSE-TUNNEL 
542- 1 - 22 

RUN 137 MACH 8 .89  
TEST HRTICLE SMOOTH DYNFIM IC PRESSURE 238 PSF 
PROBE P O S I T I O N  FORWFiRD TOTHL TEMPERRTURE 83 DEC F 
WRLL POSITIOH 1.4 INCHES DENSITY 0.00853 S L G l F T T 3  
DRTR RUN r imE 7J 28.42 REYNOLDS NUMBEWFT 1 .46 

.BOIJNDRRY LA'i'ER TH I Cp4ESS 9.25 I NSHES 
D ISPLHCEMENT TH ICENESS W. 626 INCHES 
F1CII'1EHTUPl TH f CKHEfS 8.817 INCHES 
S H W  E PRERPlETER 1.57 
POWER PROFILE PRAMTER 6.03 

SEQUENCE T IJ 1.4 NE L 
NIJMBER TOTAL 

PRES 

1.0 
2.0 
3 . 8  
4. B 
5 .  Q 
6 . 8  
7.6 
:3. 8 
9.8 

18.8 
11.0 
12. ril 
13.0 
14.B 
15.8 

A V ER R CE 
MERN DEV 
STRIJ DEY 

CRLCULRTED 
EDGE CON 

P SF 

718 
719 
707 
720 
728 
718 
7616 
710 
728 
731 
721 
719 
718 - 720 

' 728 

718 
5 
7 

782 
-., c -  
i -b  

TUNNEL 
STRTIC 

PRES 
PSF 

423 
429 
414 
423 
428 
422 
414 
417 
423 
430 
423 
420 
421 
423 
423 

423 
4 
3 

427 
427 

0.1as-  
LOW 
PSF 

43.3 
433 
439 
42:3 
433 
427 
419 
422 
429 
43 5 
418 
425 
427 
423 
423 

425 
4 
5 

420, ---- 

STATIC RRRE 
8.376 

MID 
. PSF 

43 1 
432 
418 
427 
432 
426 
4 1 :3 
42 1 
423 
43 5 
427 
424 
425 
427 
428 

427 
4 
5 

427 ---- 

1.880 
HIGH 

PSF 

427 
427 
414 
422 
427 
42 1 
413 
416 
423 
438 
422 
419 
421 
422 
423 

422 
4 
5 
0 ---- 

PROBE PROBE 
TOTFiL POSITION 
PRES 

A-21 



AFRSI S K I N  F R I C T I O N  DRAG TEST 

OR-388 

RRC TEST-PHASE-TUNNEL 
542- 1 - 22 

RUN 140 MRCH 0.60 
TEST ARTICLE AFRSI DYHHM IC PRESSURE 1904 PSF 
PROBE POSITION FORWARD TOTAL TEMPERATURE - 98 DEG F 
WALL POSITION 1.4 INCHES DENSITY 8.80447 S L G i F T t 3  
DATA RUN MRDE 7 1  2 w 5 2  REYIIOLDS NUPlBER/FT 7 . 99 

SOUtIDHRY LAYER THICKHESS 9. !9 IElSHES 
' D I SPLRCEMENT TH I CKNESS 0.019 INCHES 

MOMENTUM TH I CllIlESS 0.014 INCHES 
S H W E  PflRAMETER 1.38 
POWER PROFILE FRAIIETER s. 7s 

S EQU E EIC E 
NU PlB ER 

1.0 
2.9 
3.0 
4.8 
5.0 

7 . 8  
8 . 8  
3.0 

18.8 
11.0 
12.0 
13.0 
14.0 
15.8 
16.8 

it 'd E R RG E 
MERN DEV 
STAN DEV 

C AL C IJL A T E D 
EDGE CON 

6. a 

TUNtEL 
TOTFIL 

PRES 
PSF 

5082 
58 31 
5881 

5079 
9079 

5973 
5881 
58:?4 
5887 
5888 
5087 
3034 
5881 
5078 

5082 
3 

J a m  

m a  

TU tI NEL 
STRTIC 

PRES 
PSF 

3784 
3984 
3984 - 3988 
:338 1 
3974 
3978 
3982 
3988 
3974 
:3383 
3983 
3977 
3974 
3974 
3972 

3979 
:4 
4 

3984 
3964 

8.180 
LOW 
PSF 

3969 
3969 
397 1 
:3965 
3965 
3959 
3365 
:397 1 
3'365 
3953 
3970 
337 1 
3963 
3961 
3363 
3961 

3965 
3 
8 

39/35 ---- 

S T R T I C  RAKE 
0.375 

MID 
' PSF 

39152 
3964 
3966 
396 1 
396 1 
3956 
3968 
3366 
396 1 
3956 
3364 
3966 
3958 
3954 
3959 

. 3957 

395 1 
3 
9 

396 1 ---- 

A-22 

- 
1 . 988 

HIGH 
PSF 

3'352 
3953 
3954 
3458 
3948 
394s 
3949 
3954 
3'358 
3945 
3954 
3956 
3346 
3945 
3'348 
394s 

3958 
3 
9 
0 ---- 

PROBE 
POS I T I ON 

I tICHES 

9.013 
8.831 
8.051 
0.071 
a. 8'33 
8.122 
0.142 
0.163 
0.192 
0.243 
8.292 
0.342 
0.1332 
0.531 
8.593 
8.692 
---- 
-o-- ---- ---- ---- 



. .  

AFRSI SKIN FRICTION DRRG TEST 
OA-SBd 

RRC TEST-PHASE-TUNNEL 
542- 1 - 22 

RlJN 141 FlRCH d.6G . 

TEST ARTICLE HFRSI D ' r ' w i  I 1: PRESSURE 152 PSF 
PROBE POSITION FORWARD TOTHL TEMPERATURE - 88 DEC F 
WALL POSETION 1.4 INCHES DENSITY 8.88869 SLClFTW 
DATA RUN MRDE 71 28,82 REYNOLDS NUMBER/FT 1 . 25 

BOIJNDARY LHYER THICENESS 8.2B INSHES 
D I SPLFICEPlEkIT THICKNESS 8. 820 INCHES 
MClMENTUM TH 1 CKEIESS 0.814 INCHES 
5HAPE PHEHMETER 1.39 
POWER PROFILE PRAHETER 3 .14  

SEQUENCE TUN N EL 
WMEER TOTAL 

1.0 
2 .0  
3 . 0  
it. 9 
5 .0  
6 .0  
7 . 8  

9.8 
11.3.8 
12. 8 
13.8 
14.8 
115.8 
16.0 
17.0 

H !r €I? A GE 
MEAN DE'S 
STRN DEV 

c R L c u L RTED 
EDGE CON 

a. o 

PRES 
PSF 

762 
772 
780 
779 
777 
774 
77 1 
769 
76% 
764 
755 
756  

* 757 

757 

766 
a 
9 '  

764 
742 

- r7 
i - : I  

757 

TlJ H t-i EL 
STATIC 0.188 15.376 

STRTIC RAkE 

PRES 
PSF 

596 
605 
611 
616 
68'3 
686' 
683 
602 
6B 1 
538 
59 1 
592 
592 
59 2 
593 
596 

:6 
7 

597 
69 1 

608 

LOW MID 
PSF . PSF 

598 597 
686 606 
612 61 1 
611 611 

607 687 
665 684 
GB3 682 
1302 681 
539 538 
592 531 
533 593 
533 532 
594 533 

618 Ga 9 

594 593 
547 - 596 

1 . 800 
HIGH 
PSF 

535 
603 
689 
608 
607 
685 
602 
6'00 
599 
996 
559 
598 
598 
59 1 
59 1 
594 

598 
6 
7 
9 ---- 

PROeE 
TOTRL 

PRES 
PSF 

642 
676 
-703 
713 
721 
739 
742 
742 
742 
742 
742 
742 
742 
742 
742 
742 

-_-- 
--e- ---- 
---e ---- 

PRUBE 
P OS I T I OH 

INCHES 

0.812 
0.831 
G1.851 
8 .Bf2  
8.891 
6.129, 
8.142 
8.1152 
8.192 
L3.242 
8.343 

-0 .392 
8.492 
0.592 
6.692 
0.792 

---- ---- ---- ---- ---- 

A-23 



AFRSI S K I N  FRICTION DRAG TEST 

OR-588 

ARC TEST - P H A S E- TUH N E L 
542- 1 - 22 

MACH 0.99 
1245 RUN TEST ARTICLE AFRSI DYElitM I C  PRESSURE 

PROBE POSITION AFT TOTAL TEMPERATURE 104 DEG F 
WALL POSITION 1.0 INCHES DENSITY 9.08263 SLC/FT?3 
DRTA RUN MADE i/ 21/82  REYNOLDS NIJMBER/'FT 7.21 

PSF 145 

GOUNDRRY LAYER THICKNESS 1.0'3 IEISHES 
. D ISPLACEMENT THICKNESS 8. 13 1 INCHES 

MOllENTUfl T H I  CKHESS 8.895 INCHES 

POWER PROFILE PRAMETER 3.31 
SHAPE PFiRAMETER 1 98 

SEQIJENCE TUN tIEL 
tIUMBER TOTFIL 

PRES 
PSF 

2 . 8  
3 . G1 
4.0 
s. 0 
6 . 8  
7 . 0  
8 . 0  
9. 8 

16.8 
11.8 
12.0 
13.8 
14.0 
15.0 
16.0 

37 13 
37 16 
3719 
3;: : 8  
3720 
3719 
3713 
3719 
3720 
3713 
37 18 
3728 
3713 
5720 
3718 

17.8 3718 
18.0 .37 13 
1'3.8 37 18 
28 .8  3713 
21.8 3718 
22.0 37 16 

13 '4 E R H GE 37 18 
MEAN DE'/ 1 
STnN DEV 5 

CALCULATED 3783 
-EDGE -CON 3699 

TUNNEL STATIC RkEE . - . . . - - 
STATIC 8.125 

LOW 
PSF 

2143 
2148 
2154 
2151 
2153 
2155 
2154 
2159 
2161 
2 153 
2153 
2161 
2159 
2 159 
2159 
2163 
2156' 
2164 
2168 
2163 
2169 

2158 
4 
6 

2158 ---- 

0.450 
MID 
PSF 

203 1 
2897 
2 1 W3 
2895 
2106 
2182 
2193 
2111 
2111 
21 14 
2186 
21 88 
2 108 
2111 
2198 
2108 
2106 
21 16 
2146 
2118 
2121 

2187 
5 
3 

2187 --- - 

- 

1.750 
HIGH 

PSF 

2834 
2042 
2 m 3  
284 1 
20.56 
265 1 
2049 
,2062 
2859 
2068 
2852 
2059 
2853 
2853 
2852 
2055 
2853 
2865 
20s 1 
2857 
2069 

2854 
6 

10 
0 ---- 

PROBE PROBE 
TOTAL POSITION 

I ElCHES 

0.848 
8 . 0 6 3  
0.881 
0.101 
0.130 
0.158 
8.163 
a. 288 
'3.251 ' 

8 .308  
8. 358 
8.393 
9 .581  
8 .603  
0.780 
0.739 
8.998 
1,001 
1.101 
1.283 
1.381 

-e-- _-.- ---- ---- __-- 

A-24 
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AFRSI SKIN FRICTION DRFIG TEST 

OR-388 

R RC TEST- P ti fi S E- TUN H EL 
542- 1 - 22 

RUN 146 rmw 0.98 
TEST ARTICLE RFRSI DYt4RPlIC PRESSURE 1345 PSF 
PROBE POSITION FlFT TOTAL TEMPERATURE 114 DEG F . 
WFflL POSITION 6 . 8  XNIHES DENSITY 8.08293 SLGIFT?~  
DRTG RUN MRDE 71 21/82 REYNOLDS kIUnBEWFT 7 . 3 8  

* BOUNDARY LAYER THICKNESS 2 . 2 3  INSHES 
D I SPLRCEMENT Ti( ICKNESS r3.336 INCHES 
MOMENTUM THICKNESS 8.182 INCHES 
SifRPE PHRRMETEF! 1.81 
PQWER PROFILE PRHMETER 4 .17  

S E QIJ E N C E T IJ fl N EL 
NUMBER TOTAL 

PRES 
* PSF 

1.0 
2.0 
3.0 
4.0 
5.0 
6. B 
8 :  d 
9.8 

1l.B 
12.0 
13. B 
14.0 
15. 8 
17.9 
18.0 
19.0 
28.8 
21.0 
22.0 
23.0 
24.8 
25. 0 
26.0 

19. a 

4134 
4197 
4198 
4195 
419s 
4199 
4199 
4199 
4139 
4200 
4261 
42QZ 
8194 
4133 
41-38 
4283 
4139 
41 87 
4133,. 
4143 
4195 
4136 
4192 
4192 

H 'v' E R R CE 4 1-97 
MERN DEV 3 
STAN DEY 7 

CHLCULATED 4191 
EDGE CON 4176 

TUNNEL 
S T A T I C  
PRES 

PSF 

2431 
2488 
249 1 
248 1 
2438 
2484 
b 3492 
2494 
2434 
259 1 
2582 
2438 
2479 
2483 
2484 
2487 
2477 - 
24% 
2477 
2485 
2485 
2437 
2489 
249 1 

2437 
5 
10 

2478 
2330 

STATIC R R K E  
0.125 8.450 

PSF PSF 
LOW mn 

2442 
2443 
2439 
2448 
2447 
2444 
245 1 
2455 
24-53 
2463 
2461 
2460 
2440 
2547 
2446 
2451 
3443 

2445 
2452 
2451 
24-53 
24-58 
2458 

5451 

24B2 
2405 
2397 
2393 
2409 
2494 
2411 
2413 
2413 
2422 
-2418 
2429 
2499 
2494 
2487 
241 1 
2485 
2489 
2484 
2415 
2412 
2413 
2418 
2418 

1.758 
HIGH 
PSF 

2350 
235 1 
2343 
2343 
2354 
2352 
2358 
2357 
236% 
2356 
2364 
2365 
2349 
2348 
235 1 
2356 
2357 
2335 
2352 
2359 
236B 
2339 

2366 

2356 
6 

- 8  
2353 

236$ 

---- 

PROBE 
TOTRL 
PRES 

PSF 

2557 
2641 
2786 
2739 
2797 

28:;2 
29 13 
3094 
3861 
3899 
3171 
3326 
3643 
3898 
4879 
4133 
4 1-76 
4176 
4176 
4176 
4176 
4276 
4176 

2838 

---- 
-e-- ---- ---- ---- 

PROBE 
POSITION 

I NCiiES 

8.828 
8. a48 
r3.861 
0 , 8 8 8  
0 .  IC31 
r3.129 
8.142 
8.148 
9. 139 
9.282 
8.213 
8.261 
8.489 
8.541 
8. '368 

. 1.490 
1.702 
2. E380 

2.2r30 
2.388 
2. M I  
2.586 
2.599 

2. a99 

--e- ---- ---- ---- ---- 
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AFRSI  S K I N  FRICTION DRAG TEST 

R R C  TEST-PHASE-TUNNEL 
542- 1 - 22 

RUN 1 4 8  MRCH 0'. 68 
TEST RRTICLE AFRSI D Y N R M I C  PRESSURE 1016. 

WRLL POSITION 1.4 INCHES DEMSITY 8.08451 
DATR RUN MRDE 7/ 22/82 REYNOLDS NUMBERIFT 8 .16  

PROBE POS1TIC.I  AFT TOTAL TEMPERHTURE * 9 1  

BOUNDARY LAYER THICKHESS 0.88 INSHES 
DISPLRCEMENT THICKNESS 0 .  128 IHCHES 
MOMENTUM THICKtlESS 8 . 8 8 6  I WHES 
SH HF E PAR At1 ETER 1.68 
POWER PROF I LE PRAMETER 3.85 

SEQUENCE T U N t E L  TUNNEL S T A T I C  R H K E  PROBE 
NIJPlBER TOTRL STATIC 0.125 8.458 1.750 TOTFlL 

PRES PRES LOW . M I D  H I G H  PRES 
P S F  PSF P S F  P S F  P S F  PSF 

1.0 
2.0 
3.0 
4.0 
3.0  
6 . 0  
7 .0  
8 . 8  
9 .0  

10. d 
11.0 
12.8. 
13.0 
15. 8 
16.0 
17.0 
1a.0 
28. 8 
23.0 
23.5 
24.0 
25.0 
26.0 

HVERHGE 
MERN DEV 
STAN DEV 

CRLCULFITED 
EDGE CON 

5086 

5877 
5674 
SE: '0 
5866 
'5062 
5059 
50155 
5068 
5064 
5059 
7at0 
5830 
5074 
5068 
5863 
5091 . 
5072 
5058  
5853 
5878 

507'3 
0 

' 9  
509 1 
5062 

3974 
3977 
3972 
3371 
3373 
3959 
3964 
396 1 
3960 
3965 
3971 
3'36 1 
3957 
3966 
3969 
3963 
3963. 
3957 
37'3 1 
3976 
3969 
3985 
3972 

3969 

10 
3979 
3845 

a 

39Q8 
3913 
3399 
391.39 
3909 
3834 
3981 
3908 
3837 

3397 
3894 
:39M 
3366 
3899 
3838 
3398 
:3929 
3914 
3338 
3'324 
3311 

3397 
a 
12 

3387 

3851 
3837 
3871 
3889 
3883 
3869 
38f 1 
3872 
3869 
3875 
368 i 
387 1 
3867 
3979 
3875 

. 3872 
3869 
3970 
396 1 
3888 
390:3 
38'37 
3882 

3579 

13 
3879 

a 

---- 

3823 
3330 
133 19 
3832 
3824 
3818 
3813 
38 18 
3839 
3919 
383 1 
38 15 
3815 
3527 
3821 
3821 
3815 
3817 
3847 
3833 
3852 
3543 
3328 

302s 
9 
14 
. 0  ---- 

402s 
4206 
4271 
4306 - 
4341 
4415 
4451 
4591 
4.539 
4660 
4715 
4757 
4312 

5834 
5857 
5863 
51353 
5863 
5863 
5863 
S O 6 3  
5853 

4986 

PSF 
DEC F 
SL G / F T .+3 

PROBE 
P O S I T I O N  

INCHES 

8.021 
0 .841  
8.66d 
0.8:31 
0.181 
0.138 

0 .  171 
0.281 
8 . 2 5 6  
6.3135 
8.351 
8 . 4 8 8  

0.600 
8.701 
0 .388  
8.988 

0 .  isa 

a. 582 

1.881 
1.091 
1.101.3 
1.280 
1.389 
--a- 
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AFRSI SKIN FRICTION DRAG TEST 

m-308 

ARC TES T - P H H S €-TU N t4 EL 
542- 1 - 22 

150 MRCH 8.66 
T E S T  ARTICLE HFRSI D'.I"FTMI C PRESSURE 1008 PSF RUN 

WRLL POSITION 8.0 ItlCHES DENSITY 0.80451 SLGyFT.t.3 
D R T R  RUN MRDE 7/ 21/32 REYNOLDS NUMBERlFT 8.09 

DEG F PROBE POSITION AFT TOTAL TEMPERRTURE 94 

.BOIJMDFIRY LAYER THICk't-IESS 2.22 ItISHES 
DISPLHCEMENT THICKN'ESS 8.275 I tICHES 
ElOMENTUM TH ICKNESS Q.188 INCHES 
~ H H P E  PARHMETER a 1.53 
POWER PROFILE PRFIMETER 4 .95  

SEQUENCE TUNNEL 
NU PI 8 ER 

2.0 
3.0 
4 . 0  
5.0 
5.8 
7.8 
8.8 
3.0 

1B.0 
11.0 
12. El 
13. B 
14.8 
15.0 
16.0 
18.8 

20.0 
21.8 
22.0 

AVERAGE 
MEAN DEV 
STAN DEV 

19.8 

TOT 7L 
PRES 
PSF 

5893 
5885 
5837 
5653 
58 64 
5879, 
50 72 
5080 
SO78 
5879 
5081 
589 1 
5077 
5675 
5s 73 
5079 
SE- 33 
50 82 
5085 
5085 * 

5076 
3 

13 
CftLClJLATED 5859 
EDGE CON 5867 

TUNNEL S T A T I C  RAkE 
STATIC 8.125 

PSF 

3'34 1 
3376 
3951 
39.55 
3974 
3972 
3978 
3'373 
3972 
3969 
3972 
3'372 
3963 
3367 
3963 
3367 
3473 . 
3969 
3372 
3973 

3378 
. 5  

7 
3987 
3874 

PSF 

39558 ' 

3947 
3922 
3937 
3948 
3943 
3940 
3944 
3944 
393.3 
3944 
31342 
3940 
3939 
3932 
3939 
3945 
3'348 
3944 
3'347 

3 9 4 2  
5 
7 

3938 ---- 

0.456 
. MID 

PSF 

3942 
3'333 
34B4 
3920 
3932 
3924 
3 922 
3326 
3'325 
3920 
:3924 
:3925 
392 1 
3320 
39 17 
3320 
3925 
3927 
3927 
3323 

3324 
5 
7 

3928 ---- 

I .  758 
HIGH 

PSF 

3989 
3992 
3874 
3383 
3895 
38'30 
3885 
3894 
:3830 
3853 
3889 
3831 
3892 
3593 

3384 
3889 
3889 
3890 
3395 

3889 
5 
7 

3S88 

3882 

---- 

PRU8E 
TOTAL 
PRES 
PSF 

403'6 
4173 
4202 
4234 
4365 
4323 
4341 
4378 
4448 
44 38 
4629 
4752 
4928 
5883 
5628 
SBS6 
5867 
58 67 
50 57 
5867 
--e- ---- _--- ---- --_- 
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RFRSI  S K I N  FRICTION D R K  TEST 

OR-309 

ARC TEST-PHASE-TUNNEL 
542- 1 - 22 

RUN 151 MACH 8.61 
TEST ARTICLE RfRSI DYNHMIC PRESSURE 155 PSF 
PROBE POSITION AFT TOTAL TEMPERRTURE 79 DEG F 
WALL POSIT ION 0 . 0  INCHES DENSITY 0.80878 SLG/FT*3 
DHTR RUN MRDE 71  21/82 REYNOLDS HUMBERIFT 1 . 28 

BOIJNDARY LAYER TH ICENESS 1.94 1 NSHES 
. DISPLACEMENT THICKNESS 8.237 INCHES 

MOMENTUM TH ICKtlESS 0.196 INCHES 
S HH P E P R R H M ET E R 1 .46 
POWER PROFILE PRRMETER 5.66 

S E Q U E X E  
NUMBER 

1.8 
2 . 8  
3 . 0  
4 . d  
8.4) 
9.0 

18.8 
11.0 
12.8 
13.8 
13.5 

15.0 
16.0 
17.0 
18.8 
19.0 
20.0 
21.8,  
22.0 

H 'ut' E R H C E 
MERN DEV 
STAN DE'# 

C ALClJLR TED 
EDGE CON 

1 3 . 8  

TUNNEL 
TOTRL 
PRES 

PSF 

775 
765 
7658 
7 70 
762 
7 62 
755 
7 -9 
7 50 
749 
f 6 1  
762 
768 

- 760 
' 753 
760 
759 
7 58 
753 
753  ' 

760 
4 
6 

7 f 3  
734 

-1 c 

TUNNEL 
STRTIC 

PRES 
PSF 

605 
598 
600 
682 
533 
544 
532 
48 I 

558 
587 
593 
533 
593 
594 
595 
596 
5 9 4 .  
593 
594 
594 

594 
3 
4 

583 
587 

e 7  

STATIC R A K E  
0.125 8.458 

LOW ' MID 
PSF PSF 

604 602 
597 535 
600 597 
6'82 698 
593, 538 
593 59 1 
5'3 1 599 
586 584 
587 585 
587 585 
532 598 
593 596 
592 59s 
533 591 
594 592 
5915 . 593 
594 592 
ssz 598 
533 59 1 
593 591 

594 59 1 
3 3 
5 5 

1593 592 

1.7756 
HIGH 

PSF 

597 
59 1 
593 
S96 
586 
386 
585 
580 
531 
58 1 
586 
587 
586 
588 

589 
558 
386 
587 
587 

587 
3 
4 

987 

588 

---- 

PROBE 
TOTAL 

PRES 
PSF 

619 
6'33 
640 
6 47 
654 
653 
66@ 
671 
689 
701 
714 
7215 
727 
734 
734 
734 
735 
731 
734 
734 

---- ---- 
--e- ---- ---- 

PROBE 
P O S I T  I O N  

INCHES 

0 .829  
d.r34l 
Q.060 
8.881 
d .  l6@ 
0,266 
0.262 
0 .401 
8.641 
0 .961 
1.199 
1. JB3 
1.5% 
1.709 
1.717 
1.549 
1,999 
2.8'39 
2.206 
2.369 

---- 
--_e ---- ---- 
-e-- 

A-28 



RFRSI SKIN FRICTION DRRG T E S T  

OR-388 

A R C TEST - P H R S E-T U N M EL 
542- 1 - 22 

RUN 152 MffOH 0 .60 
TEST ARTICLE HFRSZ D'r"All1C PRESSIJRE 152 P S F  
PROBE P O S I T I O N  AFT TOTAL TEMPERATURE - 76 DEG F 

DHTR RUN MADE 71 21/82 REYNOLDS NUMBEFVFT 1.27 
WALL P O S I T I O N  1 .4  INCHES DENSITY 0. Q8676 SLGa'FT93 

EOIJNDRRY LRYER THICKNESS 1 15 INSHES 
a D I SPLACEMENT TH I CKNESS 4.148 INCHES 

MOMENTUM TH I CKNESS 0.188 INCHES 
5 H A P E PA I? RM ETER 1.49 
POGlER PROFILE PRHHETER 5.86 

S EQ U ENC E TU t4 )I EL 
TOTAL 

PRES 
MU Pl8 ER 

1.8 
2.8 
3 . 0  
4 , 0  
5 . 8  
6 .  d 
8 . 8  
'3 .  a 

l a . @  
11.8 
12.0 
13.B 
1 4 . 0  
15. B 
17.0 
18.8 
19.0 
20.8 
21.8 
22.8 
24.0 

A'4 E R H CE 
MEHN DEY 

F 3F 

765 
7 54 
753 
751 
754 
759 
7 5s 
758 
753 
755 
757 
757 
757 

- 757 
' 757 
757 
758 
759 
i 3 1  
761 
756 

753 
2 
3 

- .- 

STRN DEV 
CRLCCILFITED 765 
EDGE CQN 74  6 

TUNNEL 
STRTIC 

PRES 
PSF 

599 
597 
593 
588 
590 
594 
593 
593 
533 
593 
593 
593 
593 
53 1 
592 
592 
, 5 9 4 ,  
595 
556 
596 
539, 

593 
2 
2 

576 
599 

0.125 
LOW 
PSF 

533 
59 1 
587 
5:.?2 
534 
588 
587 

587 
58r3 
533 

587 
536 
587 
587 
585 
589 
599 
590 
536 

2 
2 

588 

3a? 

sa 7 

588 

---- 

STRTIC RAgE 
0.450 
. MID 
PSF 

58'3 
58 8 
584 
573 
58 1 
584 
583 
583 
58 3 
584 
584 
583 
583 
592 
553 

. 583 
53 5 
586 
587 
58 6 
533 

2 
2 

584 

584 

---a 

1.750 
H I G H  

P S F  

583 
58 1 
578 
573 
575 
578 
577 

577 
578 
578 
575 
577 
57 6 
577 
577 
579 
588 
58 1 
5s I 
577 

578 
2 
2 
0 

578 

---- 

- -  
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AFRSI SKIN FRICTION DRRG TEST 

ARC TEST - P H ASE- T U N El EL 
542- 1 . -  22 

RUN 153 MACH 0.90 
TEST ARTICLE AFRSI DYNAMIC PRESSURE 24s PSF 
PROBE POSITION RFT TOTAL TEMPERATURE ' 79 DEG F 
WALL POSITION 1.4 IElCHES DENSITY 8,08654 SLG/FT.?3 
DRTH RUN MHDE 7/ 21/82 REYNOLDS NUMBERd'FT 1 58 

. .E:OUNDARY LAYER THICKElESS 1.05 INSHES 
D 1 SPLACEMENT THICKNESS 8.155 INCHES 
PlOPlENTUM TH ICKElESS 0,089 INCHES 
SHRPE FARilPlETER 1 I74 
POGJER PROFILE PRAMETER 4.55 

SEQU EN C E TlJEi t4 EL TUNNEL STATIC RAKE PR08E PROBE 

PSF PSF PSF PSF PSF PSF INCHES 
PllJMBER TOTFtL S T H T I C  -0.125 8.450 1.738 TOTHL POSIT1OI.I 

PRES PRES LOW * M I D  HIGH PRES 

1.d 
2 . 8  
3.0 
4 . 0  
5.0 
6 . 8  
7.0 
8.0 
9. 0 

11.0 
12.0 
13.0 

15.0 
16.0 
17.0 
18.0 
19.8 
20.0 
21.0 
22.0 

la. 0 

14. a 

728 430 424 
713 424 419 
714 421 416 
717 424 4 1 9 
722 426 421 
725 428 423 
722 4" r b  421 
719 425 4 1 9 
719 424 413 

425 426) ( 1 9  
721 426 428 
723 423 423 
722 426 428 

,: 7t3 425 41'3 
720 425 420 
721 426 421 
721 427 - 422 
721 437 422 
721 - 427 422 
721 427 42 1 
721 427 422 
721 426 422 

- 

416 
411 
488 
410 
412 
415 
412 
41 1 
418 
412 
412 
414 
412 
411 
412 
413 
413 
41 3 
414 
413 
415 
413 

408 
404 
401 
403 
485 
488 
485 
403 
483 
485 
405 
407 
404 
483 
405 
406 
486 
486 
486 
405 
408 
486 

458 
4 I3 9 
583 
518 
530 
558 
55s 
5.56 
566 
592 
6lB 
621 
638 
6 S f  
633 
697 
639 
785 
785 
7 os 
705 
785 

r3.821 
8.1.344 
6 . 8 6 2  
8 . 0 8 2  
8.161 
0.138 
8.151 
8.171 
0.281 
9.251 
0.361 
0.351 
8,406 
0.581 
0.608 
8.780 
8 880 
8.899 
1, 888 
1.180 
1.199 
1,300 
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RFRSI SKIN FRICTION DRAG TEST 

OR-308 

ARC TEST - P HAS E- T U N El EL 
542- 1 - 22 

RUM 154 MACH 8.98 
TEST RRTSCLE HFRSI DYNAMIC PRESSURE 248 PSF 
PROBE POSITION. RFT TOTAL TEMPERATURE 82 DEG F 

DHTfi RUN MRDE 7/ 21/92 REYNOLDS NUMBER/FT 1.47 

.BOUNDRRY LRYER THICKNESS 2.28 IMSHES 
* D I SPLHCEMENT TH ICKbjESS 8.387 INCHES 

WHLL POSIT ION 8 . 8  INCHES DENSITY 8 rn 08853 SLG*'FT.r3 

MOMENTUM THICKNESS a. t : x  INCHES 
S H H P E P Ft R A N  ETER 1.65 
P O H E R  PROFILE PRHMETER 5 .41  

:3 E Q U EN C E TUN N EL 
NUMBER TOTRL 

1.8 
2.8 
3.0 
4 , 8  
5.0 
6.0 
7 . 0  
8.0 
3.0 
18.0 
l l . @  

' _-; 13.8 
14.9 
15.8 
16.8 
17.8 

28.8 
21.0 
24.0 

19. a 

A'v' E R FI G E 
MEAN DEV 
STAN DEY 

CALCULRTED 
EDGE CON 

PRES 
PSF 

716 
716 
716 
716 
717 
717 
717 
717 
717 
717 
717 
716 

- 7 1 5  
' 714 
714 
724 
714 
715 
7 1 5 '  

716 
1 
1 

716 
698 

- 1 .- 
i IO 

TUNNEL 
STATIC 
PRES 

P S f  

423 
423 
423 
424 
424 
424 
423 
423 
423 
423 
423 
423 
422 
42 1 
421 
421 
421 . 
421 
42 1 
422 

422 
1 
1 

423 
408 

STATIC RAKE 
0.125 

LOW 
PSF 

42 1 
421 
42 1 
422 
422 
422 
4 22 
421 
42 1 
421 
42 1 
422 
42 1 
428 
419 
420 
428 
4 2 8  
42r3 
422 

421 
1 
1 

426 ---- 
. .  

0.450 
. HID 

PSF 

417 
417 
416 
4 1 8 
4 1 8  
4113 
417 
417 
417 
416 
416 
417 
416 
415 
413 
415 
415 
4115 
416 
417 

416 
1 
1 

419 ---- 

I. 75Q 
HIGH 
PSF 

411 
411 
411 
412 
423 
412 
412 
41 1 
412 
41 1 
411 
412 
411 
4lB 
410 
410 
410 
420 
419 
412 

411 
1 
1 

41  1 ---- 

PROBE 
TOTAL 

PRES 
-PSF 

456 
473 
489 
439 
589 
516 
522 
526 
532 
544 
565 
601 
634 
674 
875 
677 
690 
698 
638 
690 

---- ---- ---- ---- ---- 

PROBE 
PUS I T I ON 

I ElCHES 

8.821 
0 . 0 4 8  
8 . M 1  
8 .  Q82 
8.182 
8.119 
0 .142  
r-3.161 
8.288 
B . 25.3 
8.397 
8.649 
0.961 
1.498 
1.534 
1,761 
1 993 
2.181 
2.281 
2.439 
---- 
--a- _--- ---- ---- 

- -  
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AFRSI SKIN FRICTION DRAG TEST 

OR-308 

ARC TEST-P H AS€-TUN ti E L  
542- 1 - 22 

156 r i m  0.90 
TEST ARTICLE NOMEX D'INAM I C PRESSURE 1257 PSF RlJN 
PROGE POSITION RFT TOTHL TEMPERRTURE 104 DEG F 
WALL POSITION 1.8 INCHES DENSITY 0.08265 SLGd'FT+3 
DATR RUN MHDE 7/  23/'92 REYNOLDS HUMBERIFT 7.28 

.BOUNDARY LAYER THICKNESS 0.7'3 INSHES 
DISPLACEMEt4T TH I CEbIESS 0 . 0 7 3  INCHES 
'1OMENTUM TH ICKNESS 0.848 INCHES 
SHHPE PRRFIMETER 1.54 
POWER PROFILE PRRPETER 8.12 

SEQUENCE 
EIU M 8 ER 

1.0 ' 

2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
9. a 
9.0 
18.8 
11.0 
12.0 
13.0 
14.0 
1s. 0 
16.8 
17. 9 
18.0 
17.0 
28.0 
21.0 

A '4 E R ACE 
MEAN DEV 

TUNHEt TUNNEL STATIC  RAKE 
TOTAL STATIC  0.125 

PRES 
PSF 

3741 
3751 
37 55 
37 m 
3784 
3792 
3808 
:38 20 
3331 

3827 
3€ 27 
36 26 
39 30 
3830 
3830 
3531 
3838 
3830 
3,830- 
3831 

3809 
26 

3833 

STRN DEV 32 
CALCULATED 3741 

EDGE CON 3820 

- 
PRES 

PSF 

2207 
2212 
2220 
3,228 
2233 
2258 
2258 

3 3 T 2  be'- 

2255 
2278 
227r3 
2263 
227 1 
227 1 
2269 
2267 . 
2262 
2270 
2271 
2267 

2254 
17 
22 

2287 
2245 

2267 

LOW 
PSF 

2245 
'7748 I. 

2258 
2255 
229 1 
2239 
2233 
2306 
22'32 
2235 
2305 

2383 
2311 
2313 
2311 
23 18 
2392 
2314 
2314 
2386 

2293 
1s 
23 

2293 

m a  

---- 

I .  758 
HIGH 

PSF 

2205 
2289 
2218 
2217 
2237 
2249 
2254 
2264 
LI '9756 
2252 
2267 
2257 
2259 
2269 
2268 
2268 
2268 
226 1 
2270 
'227 1 

2252 
17 
22 

8 

9.9 - 
~ L b f  

--e- 

PROBE PROBE 
TOTAL P I IS IT ION 

PRES 
PSF 

23 23 
2984 
3024 
3872 
3152 
3221 
3293 
3311 
3385 
3495 
3556 
3684 
373 1 
3791 
3888 
3320 
3820 
3826 

3820 

3528 
3828 

__-- ---- ---- ---- ---- 

A-32 



RFRSI S K I N  FRICTION DRRG TEST 

013-388 

RRC TEST-PHRSE-TUNNEL 
542- 1 - 22 

RUN 157 MRCH B . 6 B  
TEST RRTICLE NUMEX DYNAMIC PRESSURE 1QB7 PSF 
PROBE POSITION RFT TOTHL TEMPERRTURE 187 DEG F 
WRLL POSITION 1.4 INCHES DENSITY 0.063438 SLG/FT.?3 
DRTR RUN MRDE 71  23/82 REYNOLDS NUNBER/FT 7.83 

. BOIJNDHRY LAYER TH1I;KNESS 8.73 INSHES 
* 13 I SPLRCEMEMT TH I CKEIESS 8.864 INCHES 

MOPlENTUM TH I CKtIESS 0.851 INCHES 
SHHPE PARHMETER 1.36 
POWER PROFILE PRRPlETER 8.13 

S E 11 U E NC E TUN N E L  
blUMBER TOTAL 

I n 
L . U  

2 . 0  
3 . 8 
4 . 8  
5 .0  
Is. 0 
7 . 0  
8 .9  
9 .8  

18.0 
11.8 
12.8 
13.9 
14. 8 
15.8 
16.8 
17.8 
18.0 
13.8 
a. B 

A ':Z ER RGE 
MEAN DEV 
STRN DE'J 

CALCULATED 
EDGE CON 

PRES 
PSF 

5278 
5064 
5E 37 
5851 
5036 

503 1 
5Q40 
5843 
5859 
56633 
5879 
5Q81 
5083 
5981 
5855 
5093 
5084 
5875 
5866 

5064 
I6 
19 

5671 
5871 

sa30 

TUNNEL 
STATIC 
PRES 

PSF 

3569 
3963 
3962 
3953 
3943 
3949 
3936 
3948 
3'357 
336.5 
3366 

3994 
3'384 
3995 
3985 
3989 
3976 
3972 
3963 

3966 
13 
16 

397'9 
3912 

3384 

0.125 
LOW 
PSF 

395l 
3357 
3351 
3'346 
3937 
3933 
3923 
3933 
3949 
3956 
3957 
397s 
3975 
3983 
3984 
3983 
39'3 1 
3973, 
3966 
396B 

3968 
15 
IS 

3968 -_-- 

8.456 
MID 
PSF 

ng32 
3334 
3925 
3918 
3969 
3987 
390.5 
3912 
3926 
3932 
3932 
3952 
395a 
3955 
3957 
3955 
3962 
394 1 
3937 
3332 

3933 
14 
18 

3933 __-- 

t ,750 
HIGH 
PSF 

3921 
392B 
3917 
3318 
3890' 
3897 
3891 
3983 
$914 
3921 
3321 
3940 
3938 
3342 
3943 
394 1 

393 1 
3925 
3919 

3922 
13 
17 
0 

3948 

---- 

PROBE 
TOTAL 

PRES 
PSF 

4497 
4536 
4577 
4592 
4634 
4667 

4705 
4738 

49 18 
4963 
4993 
5848 
5867 
5672 
5072 
5872 
5872 
5072 

4684 

4813 

---- 
e--- ---- _--- ---- 

PROBE 
PclS I T  ION 

INCHES 

8 .  Gi22 
-8.841 
8. E459 
@.mi3 
9.699 
0.131 
0.156 
8.171 
0.281 
G3.251 
8.301 
8.353 
0.486 

8 . 6 0 2  
8.781 
8.881 
0.908 

1.099 

0.5138 

1. m a  

---- 
--..-- _--- ---- ---- 

A-33 



RFRSI SKIN F R I C T I O N  DRAG TEST 

0 A - 3 0 8  

ARC TEST-PHHSE-TUNNEL 
542- 1 - 22 

MRCH 0.60 
1086 PSF 

158 RUN 
TEST HRTICLE tIOMEX DYElAM I C PRESSIJRE 
PROBE P O S I T I O N  HFT , TOTRL TEMPERATURE - 101 DEG F 

DATA RUN MRDE 71 23/82 REYNOLDS tIUMBER/FT 7.93 
WALL P O S I T  I ON 0 I 0 I K H E S  DENS I T Y  9.00443 S L P F T W  

.BOUNDARY LH'r'ER THICKNESS 1. 73 INSHES 
. DISPLACEMENT THICKNESS 9. 187 I tICHES 

PlOMEHTUH TH I CKNESS 0.1139 INCHES 
SHAPE Fs AR A METER 1.35 
" O N E R  PROF I LE PRAFlETEFZ 9.21 

SEQUENCE TUN t lEL 
tllJM8ER TOTAL 

PRES 
PSF 

1.8 
2 . 8  
3 . 8 
5.0 
6.8 
7.0 
4.0 
9.8 
10.0 
11.0 
12.9 
13.8 
14, a 
15.8 
15.8 
17.0 
13.0 
13.0 
28.8 

58 73 
5068 
9072 
5075 
5 $ f 6  
507s 
5079 
5079 
5081 
5881 
5033 
5894 
5054 
5c 35 
$0 78 
5072 
5065 
5866 
5069 

A V  E R AGE 5076 
MEAN DE'/ 5 
STAN DEV 7 

5 0 7 9 
EDGE CON 5647 

C A L C U L A TED 

TUN El EL 
STAT I C 

PRES 
PSF 

:3973 
3978 
3978 
3977 
3973 
39:30 
3379 
3978 
:3*388 
3932 
3934 
3983 
3983 
3982 
3'382 
3973 
3963 . 
3'375 
3376 

3978 
4 

10 
3979 
3962 

STFtTIC RAKE FROBE 
0.125 

LOW 
PSF 

3984 
3982 
3982 
3386 
3392 
3992 
3992 
3992 
3989 
3334 
3936 
3995 
33'36 
3999 
3992 
3384 
3981 
3989 
3953 

3998 
4 
10 

3983 _--- 

o.J.50 
H I D  
PSF 

3964 
396 1 
3362 
3367 
337 1 
3972 
3370 
3970 
397 1 
3974 
3 3 i 5  
39iS 
3374 
3975 
3374 
3364 
3363 
397 1 
3972 

3971.3 
4 
9 

3979 ---- 

1.756 ' TOTAL 
H I G H  PRES -~ 

PSF P S F  

395'3 
3955 
3959 
396 1 
:3963 
3965 
3964 
3 9 6 3 
3964 
3965 
3968 
3968 
337 1 
397 1 

39153 
3957 
3963 
3965 

3968 

4421 
4442 
4472 
452s 
4535 
4547 
457:3 
4597 
4614 
4728 

4 3 d :3 
4373 
9634 
5843 
5849 
5049 
5049 
5049 

4927 

pr08e 
P 0 S I T I ON 

I t4CHES 

8 .020  
8.841 
8.860 
8.182 
0 . 1 2 2  
0.142 
0.160 
9 .208  
0 . 2 6 3  
0.488 
0.639 
0 , 9 6 2  
1.404 
1,549 
1 598 
1.857 
2.192 
2. 199 
2.298 

-_-- 
-e-- ---- ---- ---- 



RFRSI SKIN FRICTION DRRG TEST 

OR-308 

ARC TEST- P HHSE- TUNNEL 
542- 1 - 22 

RUN 153 MACH 0.90  
TEST HRTICLE NOMEX D'i"RMIC PRESSURE 1448 PSF 
?RUE€ POSITION AFT TOTHL TEMPERRTURE - 187 DEG F 
WRLL POSITION 0 . 8  INCHES DENSITY 0.88297 SLGfFTT3 
DRTR RIJN MRDE 71 23/52 REYNOLDS NUMBERlFT 8 .12  

GOUNDHRY LHYER THIC.KNESS 1 .56 INSHES 
- D1:jPLHCEMEHT THICKNESS 0.135 INCHES 

PiOPlEt4TUM THICKNESS 8.126 INCHES 
SHRPE PRRWMETER 1.54 
POWER PRUFILE PRRPIETER 8 .59  

SEQ U EElC E 
NU PI B ER 

1 . 8  
2.0 
3 .8  
4 .0  
6 .0 
7 .0  
8 .  0 
9 .8  

I@. B 
11.8 
12. 0 
13.8 
14.8 
15.0 
16.0 
17. 0 
18.0 
19.8 
20. Q 
21.0 
22.0 
23.0 
24.0 

WERAGE 
MEAN DEV 

TUNNEL 
TOTHL 

PRES 
P S F  

4133 
4197 
4197 
4134 
45 38 
4282 
4205 
4286 
4208 
42% 
4207 
4207 
4288 
4202 
4200 
41 97 
4 1  98 
4139 
4288 
4195 
4147 
41 94 
41 95 

41-31 
4 

' 8  STRN DEY 
CALCULflTED 4200 
EDGE CON 4155 

TUNNEL 
STATIC 

PRES 
PSF 

24a2 
2483 
2498 
2488 
3,467 
249 1 
2434 
2494 
2485 
248 1 
2482 
243 1 
2490 
24G5 
2485 
2487 
2492 
2485 
24g7 
2495 
2473 
2474 
2488 

248s 

2433 

4 
7 

2483 

STATIC RHkE 
8.125 

LO w 
PSF 

2515 
251s 
2527 
2516 
3,513 
2527 
2531 
2528 
2515 
251 1 
25 18 
2517 
2538 
2527 
2526 
2526 
2538 
2528 
252? 
2525 
2569 
35s3 
252 1 

2521 
7 

10 
25 12 _--- 

8.459 
, MID 

P S F  

2439 2397 
2499 
24% 
248'3 
2508 
2584 
258 1 
2498 

2492 
249 1 
258 1 
258 1 
2498 
2499 
2584 
2583 
25&2 
2495 
2485 
2487 
2496 

2495 
6 
9 

2587 

3 .+ (3 .- &-*ab 

---- 

1 t 5 8  
HIGH 

PSF 

2479 
25.74 

2483 
248 1 
2491 
2494 
2492 
3,452 
2479 
2493 
248 1 
2431 
2491 
2498 
249 1 
2496 
2495 
2483 
2489 
2479 
2473 
2487 

2487 
6 
s 

2484 

2489 

---e 

A-35 



AFRSI SKIN FRICTION DRRG TEST 

OR-388 

HRC TEST-PHASE-TUMNEL 
542- 1 - 22 

RUN 160 MACH e'. 90 
TEST i3RTICLE NOMEX D Y N A M I C  PRESSURE 2 4 3  PSF 
PROBE POSIT ION HFT TOTRL TEMPERATURE 56 DEG F 
WHLL POSITION 0.0  INCHES DENSITY 0.00853 SLGI'FT?3 
DHTH RUN MADE 7/ 23/82 RE'fNOLDS NUMBER/FT 1 . 4 7  

GOUNDHRY LHYER THICKtIESS I .  67 IEISHES 
DISPLRCEMENT THICKNESS 0 .216  INCHES 
PlUPlENTUM THICKNESS 0.141 INCHES 
SHAPE P H t? A M ET E R 1 53 
POWER PROFILE PRHIilETER 7 .92  

SEQUENCE TUt. ../EL 
NUPlGER TOTRL 

PRES 

1 .8  
2.8 
.3. 0 
4.8 
5 .0  
7 .0  
8 . 0  

10.0 
11.0 
12.0 
14.8 
15.0 
16.0 
17.0 
18.0 
19.0 
28. B 

H '4 E R R  GE 
H E W  DEV 
STiiN DEV 

CALCULATED 
EDGE CON 

* 

PSF 

7 2 4  
725 
725 
I L S  
721 
717 
714 
7 13 
713 
714 
720 
721 
721 

721 
I - 1  
721 

720 
3 -  
4 

7 23 
691 

-#cI 

: 722 
9 .:, 

TUNNEL STATIC RAKE 
STRTIC 8.125 8.456 
- PRES ~ Lou 
PSF PSF 

427 433 
430 436 
429 436 
429 
426 
423 
42 1 
422 
422 
422 
4.27 
425 
426 
426 
425 
426 
426 . 
423 ,' 

2 
3 

4 2 7  
423 

436 
432 
430 
425 
423 
429 
423 
434 
432 

' 433 
433 
434 
433 
433 

432 
2 
3 

43 1 ---- 

H I D  
. PSF 

439 
433 
432 
432 
4 29 
427 
425 
426 
425 
425 
438 
423 
429 
430 
43 1 
430 
438 

42'3 
2 
3 

439 ---- 

A- 36 

1.750 
HIGH 

PSF 

429 
432 
43 1 
43 1 
423 
426 
424 
425 
425 
424 
430 
428 

' 429 
429 
430 
429 
423 

428 
2 
3 
0 

--e- 

PROBE 
TOTRL 

PRES 
PSF 

516 
526 
532 
539 
540 
54r3 
553 
567 
530  
621 
687 
6'31 
591 
691 
691 
691 
691 

_-e- ---- 
--e- ---- ---- 



AFRSI S K I N  FRICTION DRRG TEST 

OA-3Q8 

I H R C TE S T - P H A S €-TU El N EL 
542- 1 - 22 

RUN 161 MACH a. 98 
TEST ARTICLE NOMEX DYNAMIC PRESSURE 242.  P S F  
PROSE POSITION AFT TOTRL TEMPERATURE 4. 83 DEG F 
WALL P a s I T m  1.4 INCHES DENSITY 6.00053 SLG/FT.t3 

I 

. DATA RUN MADE 71 23/52 REYtlOL23S NUfl8ER~'FT 1.48 

. B W N D H R Y  LRYEF! JH I CKNESS 8 .94  INSHES 
- DISPLACEMENT THICKNESS 8.4JS2 INCHES 

MOI.1ENTUM THICKNESS 4.854 INCHES 
SHAPE PHRHMETER 1 s 52 
P 13 W E R P Fz 0 F.1 LE P R A PI ET ER 7 . 3 3  

S EQ IJ E f.4 C E TUNNEL TUN 14 EL STATIC RHKE PROBE P m e E  
NU118ER TdTRL STATIC 0.125 8.433 1.758 TOTHL POSITION 

PRES PRES LOW MID H I G H  PRES 
P S F  PSF PSF . PSF PSF PSF INCHES 

422 436 425 423 537 0.841 
3 . 8  f 1 3  424 7 . J C  42f 4.39 53 1 n:sg1 

715 2. la 

4. Q 717 424 433, 427 426 556 r3.081 
5. $3 719 425 432 423 426 573 0.182 
7.8 718 424 433 428 42s 588 Q. 149 

431 427 425 680 8.173 
427 425 686 8.268 

9. B 717 423 
3.8 716 423 - 432 

18.8 716 423 43 1 425 425 626 8.223 
12.8 716 423 431 426 424 645 8.381 
13.0'  716 423 43 1 427 425 663 8.355 
14. B 716 424 432 427 425 673 8.481 
15. B 717 424 432 427 425 687 8 . 3 3 5  
16.0 717 424 432 427 425 693 0.599 
17.8 -717 424 432 427 426 789, 8.701 
19. B '717 . 424 433 428 426 i o 2  8.981 
20.8 717 424 432 . 427 426 702 Q. 999 
21.8 7 17 4 2 5 .  433 423 . 427 702 . 1.192 
22.0 7 18 425 433 423 427 782 1.281 
23.0 7 18 434 432 425 425 702 1 . 306 

A -33  -.- 

A-37 



WRSI SKIN FRICTION DRRG TEST 

0A-389 

H R C T EST - P HAS E - TU El 1.4 EL 
542- 1 - 22 

162 MRCH 8.60 
DYNHMIC PRESSURE 151 PSF RUN 

TEST flRTICLE ElOMEX 
PROBE POSIT ION RFT ,TOTAL TEMPERHTURE - 52 DEC F 
WHLL POSITION 1.4 INCHES DENSITY 0.08869 SLG/FT.r3 
DHTA RUN MHDE 7#' 23/32 REYNOLDS NUMBER/FT 1.25 

BOIJNDARY LHYER THICKNESS 0.71 IElSHES 
D I SPLHCEMENT TH I CKN'ESS 0 . 8 8 8  INCHES 
MOMENTUM T H I  CENESS 0.859 INCHES 
SHHP E P RE H 11 ETER 1. :36 
POWER PROFILE PRHllETER 7 .54  

SEQUENCE TUNNEL 
t4UPlBER TOTHL 

1.0 
2.8 
3.0 
4 . 0  
5 . 0  
6 .  8 
7 .0  
9 . 8  

18.0 
18.5 
1.3.0 
1 4 . 0  
15.8 
16.0 
17.0 

19.8 
2 0 . 0  
21.0  
22.0 

R V E R FI CE 
MEHN DEV 
SfAN DEV 

CHLCULATED 
EDGE CON 

18. a 

PF TS 
PSF 

761 
753 
759 
759 
75'3 
757 
759 
760 
760 
760 
758 
759 
758 

' 753 
7 57 
758 
i 21 
7 60 
I bO - 
759 

1 
1 

762 
7 43 

' 758 

- -  
t r  

TUNNEL 
STATIC 

PRES 
PSF 

5'36 
594 
595 
595 
595 
595 
595 
595 
536 
596 
594 
5'3 4 
5'34 
593 
593 
593 
593 
536 
575 
5'36 

595 
1 
1 

597 
539 

0.12s 
LOW 
PSF 

ggg 
535 
536 
5'36 
5'35 
596 
595 
596 
596 
5'36 
594 
595 
594 
534 
594 
593 
593 
5137 
536 
596 

535 
1 
1 

5'95 ---- 

S T A T I C  R H K E  
8. 4.58 

M I D  
' PSF 

533 
592 
592 
992 
592 
592 
592 
592 
5'32 
592 
591 
541 
59 1 
536 
5'36 

. 598 
590 
594 
592 
533 

592 
1 
1 

1592 ---- 

I .  750 
HIGH 

PSF 

592 
591 
592 
592 
59 1 
592 
591 
532 
532 
592 
590 
59 1 
598 
530 
590 

589 
593 
992 
392 

59 1 
1 
1 
0 

589 

--e- 

PROBE 
TOTRL 

PRES 
PSF 

668 
665 
670 
673 
673 
6:35 
691 
595 
711 
721 
723 
728 
743 
743 
743 
-7 43 
74.3 
7 4:3 
743 
743 

-_-- 
--e- ---- -_-- ---- 

PROGE 
P OS I T I c) tJ 

INCHES 

8.828 
8,849 
0.860 
8.881 
0.1L31 
0.131 
8.151 
8.281 
Q, 254 
0.301 
0.481 
8.439 
0.6'02 
0.783 
0.763 
0.801 
0.980 
0.999 
1.099 
1.261 

---- ---- ---- ---- ---- 



AFRSS SKIN FRICTION DRRG TEST 

OR-388 

HRC TEST-P HAS E-TU N N EL 
542- 1 - 22 

RUN 163 MACH a. 60 
TEST HRTICLE HOMEX DYNRMIC PRESSURE 152 PSF 

tllALL POSITION 0.8 INCHES DENSITY 0.88869 SLG/FT.r3 
DATR RUH MADE 71 i m - 8 2  REYNOLDS NUNBERIFT 1.26 

BUIJNDARY LAYER THICKNESS 2.19 INSHES 
. D I SPLRCEMENT TH I CKN'ESS 0.252 INCHES 

MOPlENTUM THICKNESS 8.186 INCHES 
SHRPE PFIRRMETER 1.36 
POWER PROFILE PRAMETE!? 6.35 

DEG F PROSE POSIT ION EFT TOTRL TEMPERRTURE - 75 

SEQUENCE TIJNNEL TIINNEL S T ~ T I C  RRKE 
blUMEER TOTAL STATIC 8.125 

1.0 
2.6  
4.8 
5 .  a 
7 .0  
3.0 
9. 0 
10.0 
1 l . B  
12.0 
15.0 
16.0 
17.0 
1'3.0 
19.0 
24.0 
21.0 
22.0 
23.0  
24.0 

i i  '4 ERA G E 
M€RH DEV 
STFfN DEV 

CALCIJLATED 
EDGE CON 

PRES 
PSF 

7 68 

7 57 
-7 55 
7 56 
7 56 
7 5 f  
757 I 

37 
7 57 
758 
758 
755 - 758 
758 
759 
759 
759 
759 
759 * 

758 
1 
1 

762 
735 

-c* 
I 2 7  

PRES 
PSF 

594 

592 
53 1 
532 
592 
592 
593 
593 
533 
593 
533 
593 
593 
593 
534 
5 9 4 .  
594 
594, 
594 

593 
1 
1 

595 
593 

e* A 
J 7-  

LOW 
PSF 

538 

596 
595 . 
596 
536 
596 
537 
597 
5'3 7 
597 
597 
597 
537 
597 
598 
598 
598 
593 

597 
1 
1 

596 

can 
4 J'J 

598 

---- 
- .  

MID 
PSF 

596 
5:s 
594 
592 
593 
594 
594 
535 
595 
595 
595 
595 
595 
594 
59 5 
535 
595 
535 
596 
596 

535 
t 
1 

596 
e--- 

0.459 
- 

1.758 
HIGH 
PSF 

535 

593 
592 
593 
593 
593 
994 
534 
594 
594 
594 
595 
594 
594 
595 
595 
535 
535 
595 

594 
1 
1 

594 

G a F  
Y 4 Y 

---- 

PROBE PROeE 
TOTRL POSITION 
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